
1 ■

NANO-2019: Limits of Nanoscience and Nanotechnologies (Chisinau, Moldova)

Scientific Library (Institute) “A. Lupan”

NANO-2019
SPINTECH + Humboldt Kolleg

Conference

Academy of Sciences 
of Moldova

D. Ghitu Institute of Electronic 
Engineering and Nanotechnologies

Ministry of Education, Culture 
and Research of Moldova

The event is dedicated to the 250th Birthday of Alexander von Humboldt, 
10 year Anniversary of the Eastern European partnership, 

and 5 years  of The Moldova–European Union Association Agreement

NANO-2019: Limits of Nanoscience 
and Nanotechnologies

24-27 September 2019, Chisinau, Moldova
and

SPINTECH Summer school “S/F Hybrid Structures for Spintronics”, 
27-30 September 2019

This event is supported by the A.v.Humboldt Foundation and the European Union 
H2020-WIDESPREAD-05-2017-Twinning project “SPINTECH” under grant agreement Nr. 810144

Organizing Committee
Prof. Anatolie Sidorenko, D. GHITU IEEN Chisinau, Moldova 
Prof. Alexander Golubov, University of Twente, The Netherlands
Prof. Vladimir Krasnov, University of Stockholm, Sweden
Prof. Marian Jaskula, Jagiellonian University of Krakow, Poland
Prof. Matthias Eschrig, Institute of Physics, University of Greifswald, 
Germany 
Prof. Eugen Sava, National Museum of Moldova History, Chisinau, 
Moldova
Dr. Irina Obukhova, Moscow Institute of Physics and Technology 
(Fiztech), Russia
Dr. Yurii Savva, I.S. Turgenev Orel State University, Russia
Dr. Oleg Bujor, Scientific Library (Institute) “A. Lupan”, Chisinau, Moldova



NANO-2019: Limits of Nanoscience and Nanotechnologies (Chisinau, Moldova)

■ 2

Dear Humboldtians, dear Participants of the conference,

15th September of the Year 2019 is highlighted with a special date – 250 years birthday 
of one of the greatest humanist of the World, Alexander von Humboldt. With the support of 
A.v.Humboldt foundation we have organised this Jubilee devoted international conference  – 
Humboldt Kolleg- SPINTECH-NANO-2019 Conference , demonstrating the long life of the 
humanistic ideas of our great Patron, Alexander von Humboldt.

The central goal of the Conference is to bring together professors, lectures, researchers, 
students and PhD-students from various universities and institutes, working in an intensive 
cooperation to share their experience, new ideas and different forms of collaboration for 
organization of modern forms of research and education, and to increase the number and the 
quality of applications of young researchers to A.v.Humboldt Foundation scholarship. 

 Four working days of the conference are planned enabling and promoting group 
discussions and interactions among participants. 

World known experts in the Nanoscience area from 13 countries: Germany, Great Britain, 
France, Sweden, Poland, Netherlands, USA, Israel, Russia, Belarus, Ukraine, Romania and 
Moldova will meet together in Chisinau at present NANO-symposium. Such representative 
Forum is an evidence of the achievements of Moldavian researchers in the area of Nanoscience 
and Nanotechnology, recognized in the international society.

A.v.Humboldt Foundation and SPINTECH-project subsidizes this conference. 
Proceedings of the NANO-2019 will be published as a book ”Limits of Nanoscience and 

Nanotechnologies”.

Wishing you a successful work at the NANO-2019 and enjoyable stay in Moldova, 

Director of the conference 

Member of the ASM, Prof. Dr. Sidorenko Anatolie, 
President of “Humboldt Club Moldova”,
Director of Institute of Electronic Engineering and 
Nanotechnologies “D. GHITU”,    
Academiei Str. 3/3,                  
MD2028, Chisinau, Moldova 
Phone/Fax/e-mail: +373-22-737072 / +373-22-727088 / anatoli.sidorenko@kit.edu 
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PROGRAM

Day 1, 23.09.2019
12:00-24:00  Arrival of participants, accommodation in the Hotel “KLASSIK” (“Hotel Club Service”, 
str. Kogalniceanu nr. 6, MD-2001, Chisinau) and Hotel “Vila Verde” (str.  Grenoble nr. 110, MD-2028, 
Chisinau)
12:00-19:00  Registration of participants in lobby of hotel “KLASSIK” and hotel “Vila Verde”
17:00-18:00  Working meeting of Presidents of National Humboldt-Clubs and Humboldt Ambassadors – 
goals and new forms of networking (conference hall of hotel KLASSIK).
19:00-21:00  Opening Reception (foyer of hotel KLASSIK).

Day 2, 24.09.2019
8:00-12:00  Registration of participants (foyer of library “A. Lupan”)
9:00-12:30  Session 1: (library “A. Lupan”):  Opening of the Conference, greeting talks:

- Anatolie Sidorenko, director of the Conference,
- Liliana Nicolaescu-Onofrei, Minister of education, culture and research of RM, 
- Ion Tighineanu, President of Academy of Sciences of Moldova, 
- representatives of EU-commission and Embassies in Moldova.

9:30  Schulte Ortwin, Referatsleiter Gesundheit, Ständige Vertretung der Bundesrepublik Deutschland 
bei der Europäischen Union. Erfahrungen aus der deutsch-moldauischen Zusammenarbeit im 
Gesundheitswesen (Experience of German-Moldavian collaboration in area of medicine).
9:50  Prof. Keimer Bernhard, director of Max-Planck Institute-Stuttgart, Germany. Spin and charge 
correlations in metal-oxide heterostructures.
10:10  Prof. Bogusław Buszewski, Nicolaus Copernicus University Toruń, Poland. Bioanalytics – from 
Micro to Nano dimension.
10:30  Prof. Nikitov Sergei, director of Kotelnikov Institute of Radioelectroncs, Moscow. Magnonics – 
from Gigaherthz to Teraherthz.
10:50  Prof. Levchenko Sergei, A.V. Luikov Heat and Mass Transfer Institute, National Academy of Sciences 
of Belarus, Minsk. On the way to Smart Energy World.
11:30-13:00  Lunch-break (foyer of library “A. Lupan”)
14:00-17:00  External  Session-2 and Round table  discussion: “Quo vadis, Nanotechnologies?” Moderators 
Prof. Sergei Nikitov, Prof. Mikhail Zveryakov, Prof. Boguslaw Buszewski (in historical Complex “Cricovo” –  
underground vine-city).  
17:00  Return to the hotels “KLASSIK” and “Vila Verde” 
18:00  Working meeting of the group “Functional Nanostructures Program” (foyer of hotel “KLASSIK”).

Day 3, 25.09.2019
9:00-13:00  Session 3 (library “A. Lupan”): Nano-bio-medicine and environment problems. Chair – 
Prof. Marian Jaskula, Prof. Vladimir Tishkov.
9:00  Prof. Tishkov Vladimir, Moscow State University.  Enzymes as Nanobiocatalysts: Structural Studies 
and Engineering.
9:20 Prof. Wessel Niels, Humboldt-Universität zu Berlin. Cardiorespiratory interactions: From the pulse 
respiration quotient via the respiratory sinus arrhythmia to the coordigram.
9:40 Dr. Sidorenko Ludmila, Nicolae Testemitanu State University of Medicine and Pharmacy, Moldova. 
Methods for Identification of Artificial Networks in the Central Nervous System based on Advanced 
Cardiorhythmogram Analysis.
9:50 Dr. Amit Livneh, Technion, Haifa, Israel. Assessing the Severity of Arterial Stenosis Towards Better 
Surveillance of Patients with Peripheral Arterial Disease by Noninvasive Means.
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10:00  Dr. Braniste Tudor, National Center for Materials Study and Testing,Technical University of 
Moldova. The interaction between Endothelial Cells and Gallium Nitride nanoparticles.
10:10  Dr. Pometun Anastasia, Bach Institute of Biochemistry, RAS, Moscow. New artificial enzyme 
systems with cofactor regeneration step.
10:20  Coffee break (foyer of library “A. Lupan”)
10:50  Prof. Jaskula Marian, Jagiellonian University of Krakow, Poland. Fabrication of nanostructured 
materials by anodic oxidation of metals.
11:10  Dr. Alhumidi Adnan. Bundeswähr Krankenhaus Koblenz, Germany. Electrosurgery in the hands of 
cardiac surgeons: a retrospective analysis of almost 4000 Patients over 16 years.
11:20  Dr. Chepliaka Alexei, Vinnitsa Medical University, Ukraine. Hydrophilic/hydrophobic nanocom-
position for wound care and method of it manufacturing and use.
11:30  Dr. Chornopyshchuk Roman, Vinnitsa Medical University, Ukraine. Use of computer morphometry 
in the complex diagnostic program of patients with burn injuries. 
11:40 Prof. Abramov Vladimir, Institute of General and Inorganic Chemistry, Moscow. Sol-Gel Method 
for Applying Nanosized Antibacterial Particles to the Surface of Textile Materials in Ultrasonic Field.  
12:00-13:30  Poster session-1, reports of young researchers (foyer of library “A. Lupan”). Chairs: Prof. 
Oleg Vlasenko, Prof. Niels Wessel, Prof. Marian Jaskula,  selection of three best poster presentations.
13:30-14:30  Lunch-break (foyer of library “A. Lupan”)
14:30-16:00  Session 4 ( library “A. Lupan”): Qubits and Terahertz applications of Nanoscience. Chair 
Prof. Sergei Nikitov, Prof. Mihai Macovei.
14:30 Prof. Vakhrushev Alexander, Head of Department “Modeling and Synthesis of Technological 
Structures” of Udmurt Federal Research Center of UD RAS, and Department “Nanotechnology and 
Microsystems”,  Kalashnikov State Technical University, Izhevsk, Russia. Formation of Nanoelements in 
the Surface of Solids: Modeling, Experiment, Application.
14:50  Prof.  Macovei Mihai, director of Institute of Applied Physics, Moldova. Quantum dynamics in 
optomechanical systems via collectively interacting artificial qubits. 
15:10  Prof. Sirkeli Vadim, Moldova State University. Quantum Nanostructures For Terahertz Devices 
And Applications.
15:30  Prof. Tronciu Vasile, Technical University of Moldova. Theoretical studies of the dynamics of 
two  section blue-violet semiconductor lasers.
 15:50  Coffee break (foyer of library “A. Lupan”)
15:10  Prof. Arutyunov Konstantin, National Research University Higher School of Economics, Moscow. 
Quantum Confinement Phenomena in Low Dimensional Superconductors. 
15.30  Dr. Reisinger Thomas, Institute of Nanotechnology KIT, Germany. Magnetic properties of 
nanocomposite thin films prepared with size-selective cluster-ion beam deposition. 
15:45  Prof. Shevchenko Igor, Kiev State University, Ukraine. Influence of solar energy on self-orga-
nization of water molecules.
16:00-18:00  Poster session-2, reports of young researchers (foyer of library “A. Lupan”). Chairs: Prof. 
Sergei Levchenko, Prof. Vadim Sirkeli, Prof. Mihai Makovei – selection of three best poster presentations.
19:30  Conference Gala-Dinner (restaurant of hotel Vila Verde), Award of the best poster presentations.

Day 4, 26.09.2019
9:00-13:00  Session 5 (conference hall of hotel Vila Verde): Limits of nanoelectronics – towards 
Superconducting  Spintronics. Chairs: Prof. Anatolie Sidorenko, Prof. Valery Vinokur
9:00  Prof. Lukyanchuk Igor, Université de Picardie Jules Verne – Pôle Scientifique, Amiens Cedex, France. 
Domains and topologic defects in ferroelectrics and related functional materials.
9:30  Prof. Vasenko Andrei, National Research University Higher School of Economics, Moscow. 
Competitive “0” and “π ” states in S/F/S trilayers: multimode approach.



5 ■

NANO-2019: Limits of Nanoscience and Nanotechnologies (Chisinau, Moldova)

10:00  Dr. Fominov Yakov, L.D. Landau Institute for Theoretical Physics RAS, Chernogolovka, Russia. 
Cooper pair splitting in magnetic SQUIDs.
10:30  Prof. Miu Lucica, National Institute of Materials Physics, Magurele, Romania. AC magnetic 
response of superconducting films and superlattices.
11:00 Coffee break (foyer of hotel Vila Verde).
11:30  Prof. Sidorenko Anatolie, director of Institute of Electronic Engineering and Nanotechnologies, 
Moldova. Superconductor/Ferromagnet Layered Nanostructures for Superconducting Spintronics.
11:50  Dr. Beckmann Detlef, Institute of Nanotechnology KIT, Germany. Spin-dependent thermoelectric 
effects in superconductor/ferromagnet hybrid structures.
12:10  Dr. Bakurskiy Sergei, Moscow State University, Russia. Quasiparticle imbalance effect on 
asymmetric Josephson stack.
12:30  Prof. Nika Denis, State University of Moldova. Phonons in twisted graphene.
13:00-14:00  Lunch (hotel Vila Verde)
14:30-18:00  Session 5 (continuation, conference hall of hotel Vila Verde): Limits of nanoelectronics – 
towards superconducting  spintronics. Chairs: Prof. Lucica Miu, Prof. Alexander Golubov.
14:30  Prof. Vinokur Valery, Argonne Distinguished Fellow, Argonne National Laboratory, USA. Physics of  
Superconductor-Insulator Transition.
15:00  Prof.  Belzig Wolfgang , University of Konstanz, Germany.  Quantum geometry of topological 
Josephson matter.
15:30  Dr. Khaydukov Yuri, Max-Planck Institute, Garching, Germany.  Polarized Neutron Reflectometry 
on superconducting/ferromagnetic superlattices.
15:50  Dr. Golovchanskii Jgor, Moscow Institute of Physics and Technology (Fiztech), Dolgoprudny, 
Russia. Interplay of spin waves with the Meissner currents in ferromagnet/superconductor hybrids.
16:10  Prof. Lupan Oleg. Nanosensors on a single semiconducting oxide nanowire.
16:30  Prof. Golubov Alexander, University of Twente, Enschede, Netherlands, and Moscow Institute of 
Physics and Technology (Fiztech), Dolgoprudny, Russia. Introduction to the Physics of Superconductor/
Ferromagnet hybrid structures.
16:50  Coffee break (foyer of hotel Vila Verde).
17:00  Feed-back Session (conference hall of hotel Vila Verde) : summing-up of the main ideas presented  
in Sections 1-5. Chairs: Prof. Sergei Nikitov and  Prof. Anatolie Sidorenko.
18:00  Culture program.

Day 5, 27.09.2019
9:00-11:00  Session 6 (conference hall of hotel Vila Verde): Nanoscience and society. Chairs: Prof. Tatiana 
Nikitina, Prof. Mikahil Zveryakov.
9:00  Prof. Zveryakov Mikhail, rector of Odessa university of economic. Technological innovations and 
economic growth in the context of “digital capitalism”.
9:30  Prof. Nikitina Tatyana, Staatliche Universität Ökonomie und Finanzen St. Petersburg, Russia. 
Global financial architecture – problems of international monitoring.
10:00  Prof. Petlyuchenko Natalia, National University “Odessa Law Academy”, Odessa, Ukraine. 
Servant of the people as a collective avatar of Zelensky’s charisma:  phenomena of Ukraine’s 2019 
electoral discourse.
10:30  Closing remarks and summary of the Conference, Prof  Sidorenko Anatolie, Prof. Jaskula Marian.
11:30  Departure of the conference participants.
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* * *

SPINTECH Summer school “S/F Hybrid Structures for Spintronics”
27-30 September 2019

THE SCHOOL PROGRAM

Day 1, 27.09.2019
15:00-18:00  Opening of the school (conference hall of hotel KLASSIK). Moderator Prof. Sidorenko Anatolie.

1) Prof. Arutyunov Konstantin. Fundamental Limitations and Future of Nanoelectronics.
2) Prof. Klenov Nikolai. Macroscopic quantum effects and their application in electronic devices. 
3) Prof. Krasnov Vladimir. Superconducting supercomputer: challenges and solutions.
4) Prof. Vasenko Andrei. Andreev Reflection and Subgap Conductance in S/N and S/F proximity 

structures.

Day 2, 28.09.2019
9:00-13:00  Morning session (conference hall of hotel KLASSIK). Moderator Prof. Golubov Alexander.

1) Prof. Belzig Wolfgang. Quantum geometry of topological Josephson matter.
2) Prof. Vinokur Valery. Exotic Phases at Superconductor-Insulator Transition.
3) Prof. Lukyanchuk Igor. Ferroelectrics at the nanoscale.
4) Dr. Fominov Yakov.  Superconducting spin valves and odd-frequency superconductivity.

13:00  Lunch (hotel KLASSIK)
14:00-20:00  Excursion in Castle “Mimi” with vine tasting.

Day 3, 29.09.2019
9:00-11:00  Morning session (conference hall of hotel KLASSIK). Moderator Prof. Krasnov Vladimir.

1) Prof. Matthias Eschrig. Triplet pairing in Superconductor/Ferromagnet layered hybrids.
2) Prof. Vakhrushev  Alexander. Modeling of formation processes of multilayer nanostructures 

for spintronics. 
3) Prof. Tagirov Lenar.  Superconducting spin-valves.

11:00  Closing remarks, departure of the school participants.
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Session 1: Opening of the Conference, greeting talks, reports

Schulte Ortwin
Head of Unit Health Policy at the Permanent Representation 
of Germany to the European Union, Brussels, Belgium

Title of lecture: Erfahrungen aus der deutsch-moldauischen 
Zusammenarbeit im Gesundheitswesen (Experience of 
German-Moldavian collaboration in area of medicine)

Biography
Since 2017, Mr. Ortwin Schulte is Head of Unit Health Policy at the Representation of Germany 
to the European Union. Previously he held several positions within the Federal Ministry of 
Health in Germany such as Head of Unit “Bilateral Health Relations” (2007- 2016), Head of Task 
Force “German EU Presidency” (2005-2007). From 2001 to 2005, he was head of Unit Health 
Policy at the Federal Chancellor’s Office of Gerhard Schröder.
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Session 1: Opening of the Conference, greeting talks, reports

Prof. Bernhard Keimer 
Director, Max Planck Institute for Solid State Research,
Heisenbergstr. 1, 70569 Stuttgart, Germany
Email: b.keimer@fkf.mpg.de

Title of the lecture: Spin and charge correlations 
in metal-oxide heterostructures

Abstract
We will give a broad overview of recent progress in an experimental effort to understand 
and control collective ordering phenomena in metal-oxide heterostructures, including ferro-
magnetism, antiferromagnetism, charge ordering, and superconductivity We will empha size 
copper and nickel oxides, where superconductivity and complex magnetism appear in the 
vicinity of correlation-driven metal-insulator transitions. We will show how neutron reflecto-
metry and polarized photon-based methods such as resonant inelastic x-ray scattering and 
Raman scattering can be used to obtain a comprehensive description of the order parameters 
and collective excitations in these systems. We then outline perspectives for control of the 
phase behavior of correlated electrons in these structures by modifying the occupation of 
transition metal d-orbitals, the dimensionality of the electron system, and the electron-
phonon interaction.

Biography
Prof. Bernhard Keimer obtained his physics education at the Technical University of Munich 
and at the Massachusetts Institute of Technology, where he received his Ph.D. degree in 1991. 
He spent a year as postdoctoral associate at MIT and seven years on the faculty of Princeton 
University, where he was appointed Full Professor in 1997. In 1998 he was appointed Director 
at the Max Planck Institute for Solid State Research, where he and his research group investi-
gate quantum materials using spectroscopic methods.
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Session 1: Opening of the Conference, greeting talks, reports

Prof. Dr. Bogusław Buszewski 
Head of the Chair of Environmental Chemistry & Bioanalytics, 
Faculty of Chemistry, Nicolaus Copernicus University, 7 Gagarin, 
PL-87 100 Torun, email: bbusz@chem.umk.pl

Title of the lecture: Bioanalytics from Micro- 
to Nano- Dimension

Abstract
The biologically active compounds are present in biological samples in relatively low concen-
tration levels. Hence, an essential step is isolation from complex matrices (whole blood, tissue) 
and enrich them before the final determination. From a medical point of view, the routine 
analysis of xenoestrogens, which are one of the causes of cancer, generates a lot of problems. 
Interest of the analytics of this group of compounds need to be developed effective analytical 
approaches for biological monitoring of xenoestrogens and their derivatives.
Solid phase extraction with new generation sorbents and their miniaturized generation fibers 
are alternative for the implementation of determination by conjugated and multidimensional 
separation techniques. To enlarge specificity/selectivity, sorbents will be modified with appro-
priate chosen molecules, which will create a molecular recognition system or even monolithic 
columns for SPE coupled on-line with micro- and/or nanocolumns for electrochromatography, 
capillary electrophoresis or liquid chromatography. Fundamental research realized within the 
presentation, is focused on two main areas, which include macromolecular and supramolecu-
lar chemistry and research of the relationship between the structure and properties of poly-
mers and biotechnology combined with enzymatic applied microbiology. Using the ideas of 
the superconducting triplet spin-valve and developed advanced vacuum technology, we have 
fabricated layered functional nanostructures Nb/Co/CuNi , were triplet pairing with switching 
from normal to superconducting state and a memory effect has been detected. The designed 
S/F functional nanostructures can serve as the rapid operating switching element of super-
conducting electronics and as the memory element MRAM for novel computers generation.

Biography 
Prof. Dr. Bogusław Buszewski is specialized in the field of analytical chemistry- chromatography 
and related techniques, spectroscopy (HPLC, GC, CZE, MS), adsorption, sample preparation, 
environmental analysis and bioanalysis (metabolomics, proteomics, biomarkers), nano-
technology and chemometrics. He is author or co-author of 15 books, patents and more than 
580 scientific papers (over 11.000 citations, h = 48) and member of the editorial boards of 
25 national and international journals. Prof. Buszewski is the member of Polish Academy of 
Sciences and the chairman of the Committee of Analytical Chemistry of Polish Academy of 
Sciences as well as the president of the Central European Group for Separation Sciences. He 
was awarded by numerous national and international organizations (including Doctor Honoris 
Causa).



11 ■

NANO-2019: Limits of Nanoscience and Nanotechnologies (Chisinau, Moldova)
Session 1: Opening of the Conference, greeting talks, reports

Prof. Dr. Sergey Nikitov 
Kotelnikov Institute of Radioengineering and Electronics, 
Russian Academy of Sciences 125009 Moscow, Russia
Email: nikitov@cplire.ru 

Title of the lecture: Magnonics – from Gigaherthz 
to Teraherthz

Abstract
Recent results of the state of the art of investigations in dielectric magnonics and magnon 
spintronics are presented in this paper. The theoretical and experimental methods toward in-
vestigations of physical processes and calculations of the parameters of magnonic micro- and 
nanostructures are described. The basic concepts of the magnon spintronics and the physical 
effects related to this scientific area along with information signal processing application per-
spectives are considered. Particular attention is paid to possibility increasing of the working 
frequencies of the magnon element base to terahertz region of the spectra. The new unsolved 
problem are also discussed.

Acknowledgments
This work is supported by the Russian Science Foundation, grant 19-19-00607.

Biography 
Prof. Dr. Sergey Nikitov (1955), Director of the Kotel’nikov Institute of Radioengineering 
and Electronics, Russian Academy of Sciences, is an expert in the field of condensed matter 
physics, magnetism, micro- and nanoelectronics, telecommunications. He has published more 
than 350 papers in peer-review scientific journals, co-authored more than 20 patents and 
10  monographs. Prof. Sergey Nikitov is a member of the Russian Academy of Sciences.
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Session 1: Opening of the Conference, greeting talks, reports

Prof. Sergei Levchenko
Head of Department for Energy Efficiency and Systems Analysis 
of A.V. Luikov Heat and Mass Transfer Institute, National Academy 
of Sciences of Belarus, 15 P. Brovka str., Minsk, 220072, Belarus
Email: sergei.levchenko@hotmail.com

Title of the lecture: On the way to Smart Energy World

Abstract
Currently, climate change has become a technologically, environmentally, socially and economi-
cally significant global issue. The role of energy conservation in combination with the produc-
tion of clean energy is now more in demand than even in the recent past, and will increase. 
The world needs sustainable, reliable, affordable electricity. Intellectual efficiency is additional 
energy savings due to the use of information and communication technologies. Its scope var-
ies from building automation systems connected to the Internet to production processes that 
use artificial intelligence, machine learning to optimize the use of materials and energy. The 
proposed networking initiative project “Humboltdians Initiative on Smart Energy and Network 
Technologies (HISEN)” is bringing together experts (Humboltdians) from various sectors of the 
energy and ICT (information and communications technology) industries to discuss innovative 
solutions towards the advancement of smart energy. 

Acknowledgments
This work was supported by the Alexander von Humboldt Foundation through Humboldt 
Alumni Award 2017 for innovative networking initiatives.

Biography
Prof. Sergei Levchenko (1953) is a physicist in the field of heat and mass transfer processes, 
systems analysis and information and communication technology. He has been in the Univer-
sity of Stuttgart, Germany as research fellow of Alexander von Humboldt Foundation (1993-
1995), then as visiting professor (1997-2007). He worked as visiting professor at the Lawrence 
Berkeley National Laboratory (LBNL), Berkeley and Argonne National Laboratory, Illinois, USA 
in the frames of Fulbright Foundation Award (USA), Visiting Professor at the University of 
Madrid - Universidad Rey Juan Carlos, etc. He has more than 150 various papers published in 
scientific journals and as proceedings of conferences including books. 
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Session 3: Nano-bio-medicine and environment problems

Prof. Dr. Vladimir Tishkov 
Professor of Chemistry Faculty, Lomonosov Moscow State Univeristy 
Leninskie Gory 1-3, Moscow 119991, Russian Federation
Email: vitishkov@gmail.com 

Title of the lecture: Enzymes as Nanobiocatalysts: 
Structural Studies and Engineering

Abstract
Enzymes are nanosized biocatalysts with very high efficiency and specificity. At present 
biocatalytic processes are introduced in many fields of industry, agriculture and analysis. 
Unfortunately, practical application of enzyme is limited due to low activity with unnatural 
compounds. The other drawbacks are high cost of production, insufficient thermal and 
operational stability. In our laboratory we carry out genetic engineering and protein design 
experiments to prepare biocatalysts for processes of chiral synthesis, β-lactam antibiotics 
preparation, biosensors for environmental analysis and medical diagnostics as well as for 
construction of new drugs. Cost of production is decreased by construction of recombinant 
strains which overproduce enzymes of interest. Experiments for improving thermal and opera-
tional stability are necessary to reduce production and storage costs as well as to increase 
enzyme working time in process itself. In our study we use “rational design” approach which 
requires knowledge of 3-dimentional structure of enzyme. Different formate dehydrogenases  –  
from bacterium Staphylococcus aureus, yeast Ogataea parapolymorpha DL-1 and moss 
Physcomitrella patens, apo- and holo-forms were crystallized and 3D X-ray structures were 
determined. Protein engineering experiments resulted in preparation of biocatalysts with 
improved and new properties.
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Title of the lecture: Cardiorespiratory interactions: 
From the pulse respiration quotient via the respiratory sinus 
arrhythmia to the coordigram

Abstract
The various regulatory systems in the human body are most certainly interconnected, even 
if the complete understanding of their interrelation has so far eluded all efforts. Our work 
focuses on the coupling between heart activity and respiration. Hildebrand postulated a fixed 
pulse respiration quotient of 4:1, especially during the last two sleeping hours, as healthy. One 
well known interaction is the respiratory sinus arrhythmia (RSA), a change in the heart rate 
according to the current position in the respiratory cycle. Another such previously found effect 
is mainly interpreted according to the well understood physical principle of phase synchronisa-
tion. While RSA was suspected to be causal in the emergence of the synchronisation effect, it 
was shown to be independent. Work on a new coupling effect based in time instead of phase, 
coordination, begged the question of its relationship to the previously known ones. This talk 
describes the differences to synchronisation and also shows its independence from RSA.

Biography 
PD Dr. Niels Wessel (1968) is heading the Cardiovascular Physics section at the Department 
of Physics of Humboldt-Universität zu Berlin. He received the diploma degree in Mathematics 
from the Humboldt-Universität zu Berlin in 1995, the PhD degree and the Habilitation in Theo-
retical Physics from the University of Potsdam, Germany in 1999 and 2006 respectively. Since 
1993 he is a guest scientist at Charité, Berlin. He is author of over 150 peer-reviewed scientific 
publications and several patents, his current H-index is 33 (source: Scopus).
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Title of the lecture: Methods for Identification of Artificial Networks 
in the Central Nervous System based on Advanced Cardiorhythmogram Analysis 
Abstract
Introduction: Humanity in 21-st century lives now in the era of information, when we are over-
crowded by it. To our brain streams a huge amount of information and advertising of consume 
market leads to artificial wishes, new artificial values, new artificial central networks. A central net-
work is a functional system of neuronal groups in the central nervous system, created  temporary 
in order to fullfill a wish, a task, an aim (Ukhtomski A.). The problem is that these artificial networks 
get in conflict with the basic vital networks and with own wishes of the individual (1). It leads to an 
increasing inner conflict. It finds its manifestation in form of endogenous stress, aggressive behavior, 
and people enter in chronic stress, depressions, and finally it leads to functional disorders of heart 
rhythm which in future develop to arrhythmias [2, 3]. Hence, on the one hand of great importance 
are methods for an early recognizing of functional disorders of heart rhythm, before they progress 
in arrhythmias (Runge J. et al.). But on the other hand we need physiological methods [3] of cor-
rection of this state, because it is not yet a disease, so pharmacological treatment is not effective, 
even contraindicated.
Materials and methods: In 120 individuals were applied physiological methods of correction of 
functional disorders in heart rhythm: acupuncture, free breathing, walking and music therapy. 
Methods to appreciate objectively the changes in individuals and the changes in functional regulat-
ing systems of the heart rhythm [2, 3]: Linear and non - linear methods of HRV (heart rate variability) 
analysis and new physiological analysis method applied before and after the treatment course. 
Results: In 80% (p < 0,001) of the patients a positive treatment effect was stabilized after the first 
treatment course. In other 20 % (p < 0,01) a positive treatment effect was stabilized one month after 
the treatment course, such a delay corresponds with the time needed by the parasympathetic part 
of vegetative nervous system for restoring its functional activity. 
Conclusion:
1. In the study we found physiological biomarkers for recognition of artificial networks of the central 
nervous system which are reflected in the cardiorhythmogram, being a risk factor for arrhythmia 
development. 
2. Applying the physiological concept (acupuncture) for treatment of functional disorders in heart 
rhythm helps to restore the functional regulatory systems of the heart. This results in a physiologi-
cal increase of the impulsatory activity of the individual’s own central neurological networks which 
hence become able to resist against artificial networks in the central nervous system.  As conse-
quence, the heart rhythm becomes stabile and progression into arrhythmias is prevented.
3. This can be evaluated objectively by non-linear methods and new physiological methods of HRV 
analysis.
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Title of lecture: Assessing the Severity 
of Arterial Stenosis Towards Better Surveillance of Patients 
with Peripheral Arterial Disease by Noninvasive Means

Abstract
Introduction: Recent guidelines suggest to measure the Ankle-Brachial Index (ABI), even in 
asymptomatic patients in mitigating cardiovascular risk, despite its known limitations. We 
hypothesized that quantifying the perfusion dynamics would provide more sensitive indices 
for development of arterial-stenosis. 
Methods: The perfusion dynamics was estimated noninvasively by miniature sensors and 
impedance electrodes and analyzed in the time and time-frequency domains. A Helsinki 
permit was obtained; arterial-compression (stenosis) was induced in healthy volunteers by 
inflating a blood-pressure cuff around the thigh to 45 and 90 mmHg. 
Results: Cuff compression of 45 and 90 mmHg on the thigh had no significant effect on the 
ABI, O2 saturation, and the pulse transit time (PTT). The ABI remained above 0.9 (p>0.54,n=8) 
and O2 saturation remained above 96.9% (p>0.59,n=8). The PTT that is defined as the delay 
between the R-wave and the perfusion-wave onset, was 167 ± 12ms at baseline and 155 ± 41ms 
upon 90 mmHg compression (p>0.42, n=8). However, compression yielded a pathognomonic 
effect – a prolongation of the peak perfusion delay (PPD), which was measured between the 
R-wave and the peak of the perfusion-wave. PPD increased from 355±12 at baseline to 399±16 
(p<0.001) and 425±11ms (p<0.001) upon compression of 45 and 90 mmHg, respectively. 
Arterial stiffening (arteriosclerosis) expedites the pressure pulse wave velocity and shortens 
the PTT. Arteriosclerosis also increases the ABI. In contrast, stenosis yields significant changes 
in the perfusion dynamics, as prolongation of the PPD, without measurable changes in the ABI. 
The ABI did not detect the existence of compression due to the Bernoulli’s principle, part of 
the hydrostatic energy transforms into kinetic energy in the stenotic segment of the artery and 
then retransforms back into hydrostatic energy at the outlet of the narrowed region, without 
affecting the ABI. 
Conclusion: The perfusion-dynamics indices, as the PPD, are more sensitive than the ABI and 
the pressure-wave velocity indices in detecting arterial stenosis. The utility in the surveillance 
of PAD patients requires further clinical studies.
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Title of the lecture: The interaction between Endothelial Cells 
and Gallium Nitride nanoparticles

Abstract
In this study, human umbilical vein endothelial cells (HUVECs) were investigated in direct 
contact with Gallium Nitride (GaN/Fe) based nanoparticles. GaN is a compound semiconduc-
tor material, with remarkable characteristics including piezoelectric properties, high thermal 
stability, radiation hardness and excellent chemical inertness, which make it promising for 
biomedical applications. There is, however, limited knowledge about the biocompatibility of 
nanostructured GaN and the impact of GaN nanoparticles on living cells. We report on growth 
and characterization of GaN/ZnFe2O4 multifunctional piezoelectric and magnetic nanoparti-
cles as well as on their assimilation and interaction with HUVECs. Thin GaN layers were grown 
on ZnFe2O4 nanoparticles with sizes up to 100 nm, using Hydride Vapor Phase Epitaxy (HVPE). 
After GaN growth, the sacrificial core of nanoparticles was decomposed at high temperatures 
in hydrogen flow, the final composition of nanoparticles corresponding to GaN:Fe. The resulted 
nanoparticles were incubated with human umbilical vein endothelial cells in order to remotely 
influence the cells activity through nanoparticles. By cultivating cells in medium supplemented 
with different concentrations of nanoparticles, we show that HUVECs tolerate GaN nanopar-
ticles. The obtained results show that, being uptaken by the cells, the GaN nanoparticles are 
deposited into vesicles and thus can be used as guiding elements for controlled transportation 
or designed spatial distribution of cells in a magnetic field, which represent a step forward 
towards application in cellular therapy. 
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Title of the lecture: New artificial enzyme systems 
with cofactor regeneration step

Abstract
Nowadays green technologies using enzymes have become more and more popular. Many 
enzymes used in biotech industry require non stable and expensive cofactors. One of such 
molecules is NAD(P)H. That is why the regeneration step for NAD(P)H regeneration is normally 
included in the enzymatic process. Formate dehydrogenase (FDH, EC 1.2.1.2.) is commonly 
used for NAD(P)H regeneration process. The advantages of FDH are practical irreversibility of 
the reaction, high stability and activity, strict specificity. Besides, the product of the reaction is 
CO2, which can be easily removed from the reaction mixture. 
There are three ways of including the regeneration step in biotechnology process – use of 
enzyme mixtures, whole cell biocatalyst – E.coli cells with several co-expressed genes, and 
fusion artificial enzymes in which two or more polypeptide chains are combined in one by 
special sequence which is called linker. 
In the present work we provide the results on obtaining fusion enzymes, included two types of 
monooxygenases, two types of FDHs and flexible linker. The molecular modeling, expression 
results and catalytic properties with different substrates are also provided. 
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Title of the lecture: Fabrication of nanostructured materials 
by anodic oxidation of metals

Abstract
The controled anodic oxidation (anodization) of metals under specified conditions is today one 
of the most popular method for obtaining nanostructred oxide layers on the metal surfaces. 
Anodization, widely recognized as an easy way to synthesize nanoporous alumina and nano-
porous or nanotubular titania have been recently employed to fabricate nanostructured oxides 
on the surface of other metals such as: Nb, Hf, W, V, Zr, Cr, Fe, Ni, Sn, etc. Such nanoporous oxide 
layers may be used directly as well as templates for obtaining different other nanostructures 
like nanowires made from other metals or polymers.
Here we presents some examples of nanostructured layers with various morphologies formed 
on different metallic substrates by simple and cost effective electrochemical methods

Biography 
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von Humboldt Foundation 1987; Head the Electrochemistry Group Jagiellonian University 
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Kiev National University of Technology & Design (Ukraine) 2008, General Secretary of scientific 
society Societas Humboldtiana Polonorum 2004-2013, Ambassador Scientists Alexander von 
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especially on the field of non ferrous and noble metals (copper electrorefining process at 
high current densities, mechanism and kinetics of silver ion cementation on metallic copper, 
deposition and dissolution of metals and alloys, corrosion) and new materials and nano techno-
logy (nanoporous and self organizing structures of aluminum and titanium oxides obtained 
by anodization synthesis of metallic nanowires [for example Ag, Au, Cu, Sn. Sb] using porous 
alumina matrix, new nanostructural electrode materials for lithium-ion batteries, metallic 
nanowires for electrochemical sensors). Author of 116 original papers, 2 books, 4 patents, 
over 220 other publications (communicates and conference proceedings, various reviews) and 
over 100 other unpublished reports, reviews and opinions. The member of 5 Editorial Boards 
of scientific journals.
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Title of the lecture: Electrosurgery in the hands of cardiac surgeons: 
a retrospective analysis of almost 4000 Patients over 16 years

Abstract
Background: At the Central Military Hospital in Koblenz all cardiac electrical interventions have 
been performed by the Department of Cardiac Surgery for more than 20 years. In this study, 
a retrospective analysis of nearly 4000 patients with focus on outcome as well as peri- and 
postoperative complications was performed. 
Material and Methods: In the period from 2002 to 2018, a total of 3942 cardiac electrosurgical 
procedures were performed: 81% as elective, 10% as urgent and 95% as emergency interven-
tion. 62.1% of the patients had pacemaker surgery, 30.8% ICD surgery and 6.2% CRT surgery. 
By age group, 25% of patients were between 60 and 70 years, 37% between 70 and 80 years 
and 15% between 80 and 90 years, 72% of them men and 28% women. The procedures were 
performed in 81% of the cases under local anesthesia. 
Results: The perioperative / postoperative complications included hematomas in 0.76%, pneu-
mothorax in 0.31%, wound healing disorders 0.1%, pericardial tamponade with 0.62% of cases, 
mortality 0.076%. The functional success rate was 98.2%. 
Discussion and conclusion: The results of the follow-up show that cardiac electrical interven-
tions can be performed in the hands of cardiac surgeons with great certainty and excellent suc-
cess rate and low complication rate. The complication rates are below the numbers described 
in the literature, occurring complications can be treated on the spot.
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Title of the lecture: Hydrophilic/hydrophobic nanocomposition 
for wound care and method of its manufacturing and use

Abstract
Неaling of infected ulcers and wounds, particularly in older people, is a serious problem in 
modern surgery. Hydrophilic/hydrophobic composition Pathelen® which contains nanosized 
silica (Aerosil 300), hydrophobic silica (Aerosil R972 Pharma) and benzalkonium chloride serves 
as an effective mean for the topical treatment of wounds. Pathelen® belongs to a group of 
application sorbents. Changing the ratio of hydrophilic/hydrophobic silica, one can use this 
composition in different stages of wound process dependently on the intensity of exudation. 
The aim of the study was the development of optimal pathway for laboratory manufacturing 
and quality control of this drug. The manufacturing process of Pathelen® consists of immobili-
zation of benzalkonium chloride on the surface of hydrophobic silica by the treatment in a ball 
mill and mixing of obtained semi-product with nanosized silica in the mixer. The quality control 
of preparation includes the IR spectroscopy examination, chemical methods of identification, 
purity tests, study the adsorption power relatively to gelatin and control of microbial contami-
nation. Particularly, it was shown the absence of pathogenic microorganisms and fungi, the 
quantity of non-pathogenic microorganisms complies to requirements of European Pharmaco-
poeia to the products of this category. The obtained results may be useful for the organization 
of the factory production of proposed preparation.
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Title of the lecture: Use of computer morphometry 
in the complex diagnostic program of patients with burn injuries

Abstract
Purpose. To study the diagnostic possibilities of morphometric parameters of blood cell com-
position and wound content in patients with burn injuries.
Materials and methods. Eighteen patients with burn injuries of varying degrees of severity 
were examined and morphometric analysis of cellular elements of blood and wound content 
was performed from the time of admission and throughout the treatment period. The area 
and perimeter of erythrocytes, platelets, lymphocytes, neutrophilic granulocytes, and the 
neutrophil granulocyte form factor of the latter were determined. To do this, the Delta Optical 
microscope Genetic Pro model with MEDICAL IMAGE VIEW STATION, UNHSCSAImageTool v.3.0 
computer image analyzer, special programs developed by Eva (Ukraine), Factor M and SEO 
ImageLab by Sumy Electron Optics (Ukraine) were used.
Results and discussion. The analysis of the obtained morphometric study results of the 
biological fluid cellular elements in patients with burn injuries allowed to establish a number 
of changes in their shape and size depending on the severity and stage of the burn injury 
course. The morphological changes of neutrophilic granulocytes in the wound content were 
particularly informative. Thus, upon admission, the neutrophil granulocyte form factor index 
in the blood amounted to 0.8292 ± 0.0183, neutrophil granulocyte form factor index in the 
wound content was 0.7776 ± 0.0216 (at a normal level of this index within 0.9675 ± 0.0145), 
the area is of 64.999 ± 1.521 μm² and 98.725 ± 1.762 µm2, respectively, and the perimeter is of 
32.106 ± 1.225 µm and 43.536 ± 1.191 µm, respectively, with further changes in the dynamics 
and approximation of the level of these indicators to the reference norm under conditions of 
process subsidence and wound healing.
Conclusions. Morphometric analysis results of cellular elements of blood and wound content 
and neutrophilic granulocytes in particular in dynamics allowed to establish regularities of 
their changes depending on the severity and stage of the burn injury course. This indicates the 
feasibility and perspective of such studies and the need for further investigations.
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Title of the lecture: Sol-Gel Method for 
Applying Nanosized Antibacterial Particles 
to the Surface of Textile Materials in Ultrasonic Field  

Abstract
To prevent possible spread of nosocomial infections – HAI (Healthcare Acquired Infections) 
in healthcare facilities, Antibacterial textiles are developed. This carried out study has been 
conducted to assess the feasibility of the method of obtaining antibacterial coatings on textile 
materials. Specifically, the sol-gel method for synthesis of titanium dioxide nanoparticles in 
combination with zinc oxide nanoparticles from titanyl sulphate and zinc nitrate hexahydrate 
has been investigated.
During the synthesis of titanium dioxide nanoparticles in combination with the zinc oxide 
nanoparticles, the coated textile material showed stable antibacterial properties with a 
suppression level of Escherichia coli of more than 99.99%. The method has been tested on a 
semi-industrial scale in roll-to-roll experiment by applying homogenous coatings at a speed of 
1,5 meter per minute.
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Title of the lecture: Formation of Nanoelements 
in the Surface of Solids: Modeling, Experiment, Application 

Abstract
Currently, of considerable interest is the question of the formation of nanostructured elements 
on the surface of solids, which cause a significant change in the physical and chemical prop-
erties of the surface. The report presents fundamental and applied studies of physical and 
chemical processes in nanostructures aimed at establishing the fundamental relationships that 
determine the relationship of their nano-, micro- and macroparameters. The complex of com-
pleted studies includes analysis of the structure of nanoelements and the modified structure 
of the surface of a solid, the study of the physical and chemical processes occurring during the 
formation and operation of nanostructures based on mathematical modeling, analytical and 
numerical calculations, experimental studies. Several results of numerical simulation of some 
nanotechnological processes as formation of whiskers on the silicon surface, quantum points 
in silicon or in porous anodic aluminum oxide and composite layers with nanoparticles will be 
presented. 
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Title of the lecture: Quantum dynamics 
in optomechanical systems via collectively interacting 
artificial qubits

Abstract
We present our recent investigations on phonon induced sub-radiant states in two-qubit 
systems as well as phonon-like super-radiance processes evolving in an ensemble of initially 
excited few-level artificial atomic-like quantum emitters embedded on a vibrating membrane. 
Quantum entanglement occurs in these systems and applications towards enhancing of ultra-
weak atomic transitions or THz-light generations are discussed as well.
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Title of the lecture: Quantum Nanostructures 
for Terahertz Devices and Applications 

Abstract
Terahertz (THz) waves refer to the electromagnetic radiation in the frequency range from 0.1 
to 10 THz, which corresponds to the wavelengths from 3 mm to 30 µm, respectively. This 
spectral region, called also as “T-gap”, is important for many practical applications, including 
THz imaging, chemical and biological sensing, high-speed telecommunication, security and 
medical applications. Here we report the results of a numerical study of quantum transport 
in ZnO-based resonant-tunneling diodes (RTDs) and quantum cascade lasers (QCLs) with 
different design schemes. We found that by varying and optimizing constituent layer widths 
and doping level these quantum structures, high power performance of THz RTDs and QCLs 
can be achieved at room temperature. Moreover, it was established also that the ZnO-based 
terahertz sources can cover the spectral region of 5-12 THz, which is very important for THz 
imaging and detection of explosive materials, and which could be not covered by conventional 
GaAs-based terahertz devices.
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Title of the lecture: Theoretical studies of the dynamics 
of two section blue-violet semiconductor lasers

Abstract
We report results on the numerical investigations of the dynamical behavior of two section 
lasers.  We find that the system displays, under certain conditions, sub-10-ps pulses.  We sort 
out that the optimized structure for short pulses is obtained for lasers emitting at 400 nm.  
Finally, we discuss  the impact of laser parameters on the features of output pulses. 
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Title of the lecture: Quantum Confinement Phenomena 
in Low Dimensional Superconductors

Abstract
Quantum confinement is known to affect a nanosized superconductor through quantum-size 
variations of the electronic density of states; and due to electron-electron attraction, which 
can be enhanced due to quantum-confinement modifications of electronic wave functions. 
The superconducting correlations are strengthened by such quantum mechanical effect, in 
cooperation with relevant surface-substrate phonon interaction. The model calculations are 
in a reasonable agreement with experiments performed on high-quality aluminum films. Our 
findings shed light on the long-standing problem of size dependence of critical temperature in 
low-dimensional superconductors.
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Title of the lecture: Magnetic properties of nanocomposite 
thin films prepared with size-selective cluster-ion beam deposition

Abstract
The functional properties of nanocomposites promise to meet many of the demanding 
material requirements faced by the modern high-tech industry. However, precise control 
over features such as chemistry, morphology and microstructure, as well as their preparation 
under well-defined conditions remain challenging. Here we show that the combination of size-
selective cluster-ion-beam deposition and physical vapor deposition under ultra-high-vacuum 
conditions provides an excellent platform to address such difficulties. The deposition system in 
our lab provides single-step synthesis of nanocomposite thin films with well-defined features 
such as and most importantly cluster size and cluster concentration. In particular, we have 
used the method to prepare nanocomposite thin films composed of magnetic nanoparticles 
(Fe) with a spread in the size distribution of less than 10% and embedded in various matrices 
(Ag, Cr, Ge) at well-defined concentrations. The influence of these parameters on blocking 
temperature and saturation magnetization at low temperatures have been characterized 
using SQUID magnetometry. In addition, electric transport properties of the Ge and Ag based 
films have been investigated. Finally, characterization of the chemistry, morphology and 
microstructure of the films has been performed using transmission electron microscopy, X-ray 
photo-electron spectroscopy and energy-dispersive X-ray spectroscopy.
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Title of the lecture: Influence of solar energy on self-organization 
of water molecules

Abstract
Solar energy exerts a strong influence on the ability of water molecules to self-organization. 
This influence manifests itself on the chemical reactivity of water clusters. The rate of hydrolyt-
ic reactions involving water clusters can vary within very large limits over the course of hours, 
days, months and years. 
The results of regular 4-year (2015-2018) investigations of the hydrolysis of triethylphosphite 
in acetonitrile (Fig. 1) indicate that the rate of this reaction with all other conditions being 
equal displays diurnal and annual variations and is also modulated by the 11-year cycles of 
solar activity. 

Figure 1. Hydrolysis of triethylphosphite 1 Into diethylphosphonate 2. Measuring the integral 
intensities of the signals in the 31P-NMR spectrum allows determining  the conversion rate

The hydrolytic cleavage of phosphorus-oxygen bond in triethylphosphite is a simplified model 
system of the conversion of ATP to ADP which is known to underlie bioenergetics processes in 
living organisms. 
The dependence of biochemical processes on solar activity during the rotation of the Earth 
around its axis and around the Sun is well known in all forms of life. For example, annual 
growth rings in trees have different thickness and are arranged in 11-year sequences.  
Conclusion: Chemical reactivity of water clusters is extremely sensitive to extraterrestrial influ-
ence associated with the variations of solar energy, in particular solar wind intensity. This influ-
ence obviously has a complex mediated mechanism and requires a detailed study. This finding 
is of importance for chemistry, physics, astronomy, biology and medicine.
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Title of the lecture: Domains and topologic defects 
in ferroelectrics and related functional materials
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Prof. Igor Lukyanchuk is a member of the Landau Community in Theoretical Physics. Graduated 
from the Landau Institute for Theoretical Physics in 1990 he had a great opportunity to 
collaborate with world-famous creators of modern Solid State Theory.  Their guide idea of the 
predominant fundamentality of Physical Principles helps him to switch easily between such 
different objects as superconductors, magnetic materials, fullerenes, ferroelectrics, etc, to take 
advantage of the generality of theoretical approaches. Working hereafter in Germany (91-92, 
99-00), Brazil (96-99), Swiss (2000) and France (92-96, 01-…), he always tried to follow these 
high research and teaching standards.  Since 2001  Igor Lukyanchuk is the full professor in Jules 
Verne University of Picardie. 
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1 National Research University Higher School of Economics, 
Moscow, 101000 Russia
2 Moscow Institute of Physics and Technology, 141700 Dolgoprudny, Russia
3 University of Twente, 7500 AE Enschede, The Netherlands
4 Donostia International Physics Center, 20018 San Sebastián/Donostia, Spain
5 Institute of General and Inorganic Chemistry, 117901 Moscow, Russia

Title of the lecture: Competitive 0 and π 
states in S/F/S trilayers: multimode approach

Abstract
We investigate the behavior of the critical temperature Tc in superconductor/ ferromagnet / 
superconductor (S/F/S) trilayers in the dirty limit as a function of the ferromagnetic layer 
thickness df and the S/F interface transparency. This system is interesting due to the possibility 
of realization of competitive 0 and π states. We perform Tc calculations using the general 
self-consistent multimode approach based on the Usadel equations in Matsubara Green’s 
functions technique, and compare the results with the single-mode approximation, widely 
used in the literature. Both methods produce similar results for sufficiently low interface 
transparency. For transparent interfaces we obtain a qualitatively different Tc(df) behavior [1]. 
Using the multimode approach we observe multiple 0- π transitions in critical temperature, 
which cannot be resolved by the single-mode approximation. We also calculate the critical S 
layer thickness at given df when an S/F/S trilayer still has a nonzero critical temperature. Finally, 
we establish the limits of applicability of the single-mode approximation.
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Title of the lecture: Cooper pair splitting in magnetic SQUIDs

Abstract
We consider SQUIDs with magnetic spin-filtering insets inside the interferometer arms. 
Coherent transport due to split Cooper pairs become pronounced in this case, with two 
electrons of a pair going through different interferometer arms. The problem is considered 
both in the ballistic and diffusive limit. While physics in the two limits is essentially different, 
they share some common properties: the flux periodicity is doubled in comparison with 
conventional SQUIDs and the system can be controlled by relative direction of magnetizations 
of the spin filters. At the same time, average current is extremely suppressed in the diffusive 
limit, and the Josephson effect in this case is due to mesoscopic fluctuations.
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Title of the lecture: AC magnetic response 
of superconducting films and superlattices

Abstract
The nonlinear AC magnetic response of superconductors in mixed (vortex) state is not com-
pletely understood. The simple extension of standard flux-creep models at short-time scales 
is unable to explain several peculiar effects, such as the presence of unexpectedly high vortex 
activation energies in the AC magnetic signal close to the DC irreversibility line. By investigat-
ing the AC magnetic response of superconducting YBCO films with a well characterized pinning 
structure and YBCO/PrBCO superlattices, as model samples, we show that close to the DC ir-
reversibility line this corresponds to a non-diffusive, thermally activated vortex hopping over a 
length which overcomes the mean distance between the pinning centres, and the large vortex 
activation energy is the result of a pinning-enhanced viscosity of the vortex system. This sug-
gests a new approach for the existence of a pinned vortex liquid in superconductors. 
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Title of the lecture: Superconductor/Ferromagnet Layered 
Nanostructures for Superconducting Spintronics

Abstract
Last decade demonstrates an increasing study of superconductor-ferromagnet (S/F) nano-
structures, motivated by their extended applications in superconducting electronics – 
spintronics. Theory of S/F layered nanostructures with two and more ferromagnetic layers 
predicts generation of a non-uniform superconductivity, a long-range odd-in-frequency triplet 
pairing at non-collinear alignment (NCA) of the F-layers magnetization. 
Using the ideas of the superconducting triplet spin-valve and developed advanced vacuum 
technology, we have fabricated layered functional nanostructures Nb/Co/CuNi , were triplet 
pairing with switching from normal to superconducting state and a memory effect has been 
detected. The designed S/F functional nanostructures can serve as the rapid operating 
switching element of superconducting electronics and as the memory element MRAM for 
novel computers generation. 
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Title of lecture: Spin-dependent thermoelectric effects 
in superconductor/ferromagnet hybrid structures

Abstract
We report on the experimental observation of spin-dependent thermoelectric effects in 
superconductor-ferromagnet tunnel junctions in high magnetic fields. The thermoelectric 
signals are due to a spin-dependent lifting of particle-hole symmetry on the energy scale of 
the superconducting gap. Due to the small energy scale, the thermoelectric effects can be 
quite large, and we infer a maximum Seebeck coefficient of about 100 µV/K from our data. 
The thermoelectric signals can be further enhanced by an exchange splitting induced by the 
proximity effect with a ferromagnetic insulator. Nonlocal thermoelectric effects elucidate the 
coupling of spin and heat transport in high-field superconductors.
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Title of the lecture: Quasiparticle imbalance effect 
on asymmetric Josephson stack

The practical applications of the systems of Josephson devices meet a number of difficulties 
associated with the lack of understanding of the dynamic processes occurring in them. The 
accurate consideration of this problem requires the solution of the unequilibrium equations of 
the microscopic theory of superconductivity and it is very difficult task [1] On the other hand 
there are simplified models concentrated on four physical mechanisms of coupling between 
Josephson contacts. They are inductive interaction between adjacent junctions [2], modifica-
tion of pair potential due to proximity effect [3], a charge accumulation of condensate [4] and 
a quasiparticle accumulation [5].
In this work we study analytically and numerically the influence of the quasiparticle charge 
imbalance on the dynamics of the asymmetric Josephson stack formed by two inequivalent 
junctions: the fast capacitive junction JJ1 and slow non-capacitive junction JJ2 [6]. We find, that 
the switching of the fast junction into resistive state leads to significant increase of the effective 
critical current of the slow junction. At the same time, the initial switching of the slow junction 
may either increase or decrease the effective critical current of the fast junction, depending 
on ratio of their resistances and the value of the capacitance. Finally, we have found that the 
slow quasiparticle relaxation (in comparison with Josephson times) leads to appearance of the 
additional hysteresis on current-voltage characteristics.
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Title of the lecture: Phonons in twisted graphene

Abstract
When two graphene layers are placed on top of each other, they can form a moire pattern – 
twisted graphene. In this case, one layer of carbon atoms is rotated relative to another layer 
by an arbitrary angle. In the talk, a brief review of recent theoretical and experimental results 
[1-3] on the engineering of phonon properties of twisted graphene by atomic plane rotations 
are provided. Angle-dependent specific heat and thermal conductivity of twisted graphene 
are discussed. 
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Title of lecture: Physics of  Superconductor-Insulator Transition 
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Dr. Valerii Vinokur (1949) works in the field of superconductivity, quantum transport, and 
quantum phase transitions. He is Argonne Distinguished Fellow, member of Norwegian 
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the International John Bardeen Prize (2003) and International Abrikosov Prize (2015), Recipient 
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Title of the lecture: Quantum geometry 
of topological Josephson matter
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Title of the lecture: Polarized Neutron Reflectometry 
on superconducting/ferromagnetic superlattices

Abstract
The ability to control magnetic state of superconducting/ferromagnet heterostructures (S/F) 
by superconductivity is attracting attention in applied research on superconducting spintronics 
[1-4]. While at the moment, most research efforts are focused on simple S/F structures such as 
bilayers and trilayers, both the superconducting and the magnetic properties of more complex 
[S/F]n superlattices may qualitatively differ from the properties of their S/F unit cells. Tuning of 
parameters of such S/F “metamaterials” is a complicated task which requires involving many 
experimental and theoretical methods. Polarized Neutron Reflectometry (PNR) is an effective 
method allowing for depth-resolved study of vector magnetic state of S/F heterostructures and 
its change due to proximity effects. In this talk we will discuss our recent results on magnetic 
proximity effect in Gd/Nb [5] and design of pseudo spin-valve based on Co/Nb [6] superlattices.
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Title of lecture: Interplay of spin waves with the Meissner currents 
in ferromagnet/superconductor hybrids

Abstract
Inductive coupling of magnetization dynamics in ferromagnets with the diamagnetic response 
of superconductors leads to a number of notable phenomena that may become useful for 
applications in magnonics. In magnetostatically coupled ferromagnet/superconductor bi-
layers spin waves propagate with substantially enhanced phase velocities. The enhancement 
occurs due to diamagnetic screening of stray fields at the interface by Meissner currents 
and, accordingly, affecting the actual effective magnetic field that acts on the magnetic 
moments1,2. Capability of superconductors to screen the alternating magnetostatic stray fields 
or the external field can also be employed for development of artificial metamaterials with 
periodically modulated spin-wave dispersion, known as magnonics crystals3. Hybrid magnonics 
crystals exhibit wide forbidden bands for spin wave propagation at the GHz range and a rich 
dependence of the band structure on geometry of the system. All these phenomena can be 
considered numerically using modified micromagnetic simulations1-3. 
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Title of the lecture: Nanosensors on a single 
semiconducting oxide nanowire 

Abstract
The room-temperature nanosensors are demanded from different fields, such as rapid detec-
tion of hazardous, explosive and nocive gases, compounds and various risky nanomaterials. 
Due to their huge surface-to-volume ratio and high crystallinity, the one-dimensional (1- D) 
semiconducting oxide nanostructures, such as nanowires have attracted great interest 
toward their integration in modern sensing micro-devices and nano-devices. In this work, 
we investigated performances of individual Pd-, Au-nanoparticles functionalized zinc oxide 
nanowires integrated into nanosensor devices using dual beam focused ion beam/scan-
ning electron microscopy (FIB/SEM) and investigated them as gas nanosensors at room 
temperature. Important parameters as length, diameter and relative humidity (RH) on the gas 
sensing properties were studied in detail. The obtained results demonstrate that thin Au/ZnO 
nanowire (radius of 65 nm) have a gas response of about 8 to 100 ppm of H2 gas which is 
higher compared to ~ 1.2 for those with a radius of 130 nm. The corresponding gas sensing 
mechanisms are tentatively proposed for each type of nanodevices. The proposed nanosensors 
are essential for next understanding the role of noble metal nanoclusters on semiconducting 
oxide nanowires and contribute for a design of modern room-temperature gas nanosensors. 
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Oleg Lupan is a Professor and research scientist in solid state electronics and nanoelectronics 
at Technical University of Moldova (TUM). He received an AvH Humboldt Fellow for expe-
rienced researchers at Kiel University, CAU, Germany, period 2013−2015. He started a new 
research group “Nanotechnology and nanosensors” at TUM in 2015. He received his M.S. in 
microelectronics and semiconductor devices from the Technical University of Moldova (TUM) 
in 1993. He received his Ph.D. from the Institute of Applied Physics, Academy of Sciences of 
Moldova (ASM) in 2005. His post-doctorate research activities were carried out at the French 
CNRS, Paris, France, full position, and the University of Central Florida, USA. He received 
his doctor habilitate degree (Dr. Hab. Eng.) in solid state electronics, microelectronics, and 
nanoelectronics from the Institute of Electronic Engineering and Nanotechnologies of ASM in 
2011. His post-habilitation activities were performed at the University of Paris-PSL-IRCP-ENSCP-
CNRS, Paris, France, and the Kiel University, CAU, Germany. Prof. Lupan has made original and 
innovative contributions to the designing, fabrication, characterization and understanding of 
performances of semiconducting oxide films based sensors and individual nanowire nano-
sensors. His current research interests include sensors, nanosensors, optoelectronic devices, 
LEDs, semiconducting oxides, nanotechnologies, and nanodevices. 
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Title of the lecture: Introduction to the Physics 
of Superconductor/Ferromagnet hybrid structures

Abstract
Basic introduction to the physics of proximity effects in superconductor/ferromagnet hybrid 
structures is given, covering fundamental physical aspects as well as possible applications in 
superconducting electronics circuits and memory elements.
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Title of the lecture: Technological innovations and 
economic growth in the context of ‘’digital capitalism’’

Biography
Prof. Dr. Mikhail Zreryakov (1952) is specialized in the economic theory, industrial and 
monetary policy. Author of 12 books and more than 250 articles on problems of economic 
theory, industrial and monetary politics. The editor of scientific journal “Bullitin to socio-
economic Resaerch”, a member of the journals “Economics of Ukraine”, “Economic Theory”. 
Member-correspondent of National Academy of Sciences of Ukraine.
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Title of lecture: Global financial architecture – 
problems of international monitoring

Biography 
Prof. Dr. Tatjana Nikitina (1969) is a theoretical economist in the fields of banks, insurance 
and financial markets. She is Director of Germany-Russia Center and International Institute of 
financial Market Research at the State University of Economics and Finance in St. Petersburg. 
He is the guest professor at many German universities. Author of 120 publications and 
organizer of 20 workshops. She is President of Association of Fellowship Federal Chancellor 
from Russian Federation. 
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Title of the lecture: Servant of the People as a 
Collective Avatar of Zelensky’s Charisma: Phenomena 
of Ukraine’s 2019 Electoral Discourse

Abstract
Contemporary political discourse is currently marked with a revived interest in the concept 
of charisma developed by renowned German sociologist Max Weber and, consequently, a 
resumed search for new political figures with an ability to be inspired by great ideas and to 
inspire others with these ideas. In Ukraine, which is currently in an ongoing state of war and 
the aftermath of the presidential and parliamentary elections, there is also great demand for 
a new charismatic leader. The charismatic type of leadership first manifested itself in Ukraine 
in a distinct form during the First Maidan (2004, Orange Revolution) and was associated 
with the names of such politicians as Viktor Yushchenko and Yuliia Tymoshenko. The Second 
Maidan (2014, Revolution of Dignity) and the following five-year period were marked by 
decharismatization of the political establishment led by former President Petro Poroshenko 
creating a significantly different political landscape. Precocious charismatics fostered by the 
Revolution of Dignity who were parochial and reflected the interests of only a small part of the 
population (ultra-right nationalists, left-wing populists, revolutionary ‘Cossacks’,  etc.) were 
replaced by a wide range new and old politicians: the ever-present ‘Phoenix’ of the Ukrainian 
Revolution Yuliia Tymoshenko, pro-Russian populists (Viktor Medvedchuk, Yurii Boiko, Vadim 
Rabinovich), former President Petro Poroshenko seeking revenge for his resounding defeat 
in the presidential elections, newly-minted politician and rock star Sviatoslav Vakarchuk, and 
show business celebrity Volodymyr Zelenskiy who managed to detect and saddle up the huge 
vacant charismatic potential floating in the air. In the 2019 parliamentary electoral discourse 
of Ukraine, the phenomenon of charisma acquired a new nature where Volodymyr Zelensky’s 
image was transferred to all the representatives of the Servant of the People party resulting in 
them becoming a collective avatar of President Zelensky’s individual charisma.

Biography 
Prof. Dr. Natalia Petlyuchenko (1966) specializes in charismatic leadership, experimental pho-
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Professor, Head of the Chair of Foreign Languages No. 2, National University “Odessa Law 
Academy” (Odessa, Ukraine), author of over 180 scientific publications, Chief Editor of Odessa 
Linguistic Journal (www.olj.onua.edu.ua), Vice President of the Humboldt Club Ukraine, AvH-
fellowship 2006-2007 (Ruhr-Universität Bochum).
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Title: Sensor Array on Nanowires CuO/Cu2O/Cu Heterojunction Net

Abstract
In this work, for the first time, acetone sensors based on nanowire CuO/Cu2O/Cu hetero-
junctions have been designed, obtained and investigated using the single-stage 3D printing 
method. By thermal oxidation of Cu microparticles with a diameter of 11-24 µm on the glass 
substrate at 425 oC for 1.5-2.5 hours in air, it was possible to obtain non-planar heterojunction 
stripes of CuO/Cu2O/Cu and fully covered on the surface of the microparticles with 15-20 nm 
nanowire thick network. The high crystallinity of the nanowire stripes and the heterojunctions 
of CuO/Cu2O/Cu was demonstrated, as well as the growth of CuO nanowires on the surface of 
the microparticles through morphological, vibrational, chemical and structural investigations. 
One of the important results is the excellent selectivity for acetone vapors at an operating 
temperature of 350 °C, with a high gas response of approximately 150% at 100 ppm. Due to the 
controllable production technology, the fast detection sensing properties of acetone vapor and 
low power consumption, these 3D-printed devices ideal candidates for fast detection, as well 
as acetone vapor monitoring (down to 1 ppm). This developed approach will give the possibil-
ity to expand in production or development for many different devices through the simplicity 
and versatility of the manufacturing method for electronic and biomedical applications, such 
as exact detection of acetone vapor in different atmospheres.
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Title: Spontaneous Baroreflex Sensitivity: Sequence Method Estimate at Rest 
is Highly Correlated to Heart Rate Variability

Abstract
We evaluate information obtained by the sequence method estimate (SME) to quantify the 
baroreflex sensitivity and its redundancy compared to the short-term heart rate variability 
in case of resting state measurements. Therefore, we reanalyzed (n=1828) beat-to-beat time 
series of heart rate as well as systolic blood pressure which were recorded using similar 
protocols of supine resting state position. We found a high correlation between short-term 
heart rate variability (HRV) and the SME of baroreflex sensitivity which increased for adapted 
parameters and reached r = 0.89 (p < 0.001). This adaptation involved higher limits for changes 
in blood pressure and heart rate and implies an inability of traversing the full range of pressures 
to correctly quantify the gain of the baroreflex compared to, for example, a pharmacological 
intervention. Thus, for short measurements and under resting conditions short term HRV 
carries similar vagally mediated information as SME, however the latter has a potentially large 
bias as estimate for the baroreflex sensitivity. Future studies will show whether autonomic 
testing may allow a reliable, non-invasive and non-pharmacological driven quantification of 
the gain of the baroreflex.
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Title: Atrial Fibrillation caused by Mutations – Methods for Recognition 
of Conditions when Genetic Predisposition becomes Reality 

Abstract
More and more studies research genetic mechanisms of heart rhythm control and constitutional 
arrhythmia [1]. These tendency has started after publishing the results of CASTII study [2]. As 
shown in the CASTII study pharmacotherapy of atrial fibrillation is quite problematic regarding the 
proarrhythmic effects of the antiarrhythmical drugs of class I antiarrhythmics (Vaughan Williams 
classification). But even such a modern non-pharmacologic method method as PVI has a high rate of 
recurrence, about 60% and an amount of non-responders about 15-25% [2]. So with non-responders, 
other pathomechanisms are responsible. There are more than 100 genes effecting the heart rhythm 
[1]. Mutation in any of these genes leads to arrhythmia. Arrhythmias are very heterogenouse, but still 
atrial fibrillation is the most common sustained arrhythmia in cardiology, it is an arrhythmia which 
affects about six million people in the EU [3]. 
Majority of inherited arrhythmias are autosomal dominant, thus have familial characteristic and the 
risk to inherit the disease is 50%. The aspect which could be influenced by medicine is recognition 
of circumstances which ensure the realisation of genetic predisposition into arrhythmia. Genetic 
predisposition is not expressed into disease until the compensatory mechanisms of the functional 
systems in the organism function properly. The main feature which represents the compensatory 
capacity of functional systems is parasympathetic part of the vegetative nervous system [4]. As shown 
in the study of Sidorenko L. et al. patients had atrial fibrillation recurrence after the parasympathetic 
steering systems of the heart were broken down [5]. It happens even in patients who are non - 
responder to several treatment methods, so probably, with a genetic predisposition to atrial fibrillation. 
In this study methods for recognition of parasympathetic insufficiency are described. These methods 
are very sensitive, allowing recognition of early stages of parasympathetic insufficiency. So this can be 
applied for prediction of the atrial fibrillation onset. It means, it could be the moment when doctors 
can interfere with, in order to prevent atrial fibrillation’s onset, applying methods for restoring the 
parasympathetic  functional capacity. 
This should be researched on a clinical study, checking the possibility of the found methods 
for preventing the atrial fibrillation onset and prolonging the time of conversion of the genetic 
predisposition to atrial fibrillation into its clinical manifestation.
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Title: Smart device for therapeutic hypothermia

Abstract
We propose a sample of a device for therapeutics with hypothermia used in medical purposes 
for directed cooling of specific tissues using Peltier, elements. Peltier cooling elements allow 
elaboration of a small mobile device that can be operated in emergency medical service, in 
this way reducing the risk of ischemic tissue trauma after heart failure or blockage of arteries 
to embolism. 
Studies have shown that patients under risk for ischemic brain injury present better results 
using hypothermic methods of treatment. This studies where focused on researching ischemic 
accidents that unlike usual strokes reduces coagulation threshold. This researches shown that 
hypothermia used in therapeutical purposes has a neuroprotective effect. Studies showed as 
well that use of therapeutic hypothermia in order to control intracranial pressure (ICP) after an 
ischemic stroke is a safe and feasible procedure.
To conduct this system Fuzzy logic algorithms are used. These algorithms are fundamentally 
different from conventional methods of automation by ”human” approaching, ”human” 
techniques for control and management problems.
Keywords: sensors, infra-low frequencies, protection.
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Title: High-efficiency 2 µm Tm-doped Fiber Laser 

Abstract
Tm doped fiber laser operating in so called “eye safe” wavelength region and designed in a 
MOPA configuration has been demonstrated. Large-mode-area fiber design and availability of 
high-brightness, high-power pump diodes at 795 nm made possible maximum output power 
of 25 W achieved at incident pump power of 72 W resulting in optical conversion efficiency 
about 35%.
An important factor that led to an interest in 2 µm Tm-doped lasers is significantly broader 
spectral tunability of Tm-doped fibers compared to Yb-doped fibers, spanning wavelengths 
from below 1850 nm to beyond 2100 nm, corresponding to more than 200 nm of available 
bandwidth. 
This wavelength region covers the water absorption peaks around 1940 nm, making these 
lasers a valuable tool for precise medical procedures including noninvasive surgery, as well as 
several atmospheric transmission windows that are useful for remote sensing, laser radar and 
range-finding.  
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Title: Neurogenesis as a Tool to Increase Language and Concept Acquisition

Abstract
Learning a second language can be difficult and even after years of studying one will never be as fluent as native 
speakers. This is not the fault of the individual because neurologically, humans are not designed to learn language 
beyond a critical period (Jacqueline S Johnson, & Elissa L Newport). A critical period describes a duration between 
infancy and puberty where the nervous system is hypersensitive to the environment which allows for certain 
systems to rapidly develop: vision, hearing, vestibular system and language. Researchers found that people who 
passed this period were unable to acquire their first language fluently (Naama Friedmann & Dana Rusou). Not 
that people are unable to acquire language – rather they acquired language as one would acquire a second 
language: slow, inefficiently, and lacking in fluency. 
Now an idea is that second language is acquired differently because of the lack of newer neurons. As described by 
T. Nakashiba and colleagues, new neurons from neurogenesis (in the hippocampus) learn differently from existing 
neurons. New neurons use “pattern separation” where they take new information and compare their differences 
in order to comprehend their world. Existing neurons work differently using “pattern completion”; which detects 
similarities – using existing memories for comprehension. Newer neurons in young children could explain why 
they are able to learn their first language to such proficiency and fluency. Recently differentiated neurons with no 
pre-existing synaptic connections could potentially explain the critical periods of language acquisition. 
Neurogenesis is the process by which new neurons in the brain are formed. Neurogenesis occurs throughout 
an individual’s life into adulthood but never quite reaches the levels seen during fetal development. If we were 
to stimulate neurogenesis within certain regions of the brain, i.e. the hippocampus’s dentate gyrus which has 
been established to be critical in the formation and retrieval of long-term memory, it is possible to increase one 
’s ability to learn concepts such as language. Bromodeoxyuridine (BrdU) is a thymidine analog used to measure 
neurogenesis (Peter S. Eriksson et al in Neurogenesis in the adult human hippocampus). Using various methods 
such as acupuncture, exercise, music, emotional-environmental stimulation, pharmaceutical drugs, or genetic 
engineering via BNDF we could potentially recreate that language acquisition period in adulthood. 
Scientists (Sama F Sleiman et al.) found that exercise caused platelets to release growth factors BDNF (Brain-
derived Neurotrophic factor) of neural precursor cells within the hippocampus. They found that mammalian 
brains were better with memory and spatial learning. Sama Sleiman’s research suggests that lactate release from 
muscles during exercise induces a certain gene expression that aids with this increased learning ability. BDNF 
can be synthesized however the mechanism that allows the brain to absorb BDNF has yet to be discovered. An 
alternative would be to create a pharmaceutical drug that can stimulate BDNF synthesis within brain such as 
BHB(beta-hydroxybutrate), a ketone body produced by the liver.
Neurogenesis could help individuals can learn a second language to the same fluency as native speakers with 
much less time investment. Applications are not limited to just language acquisition. According to linguists 
(Neural Mechanism of Language, Peilei Liu, Ting Wang), language is a concept; a system of signs for encoding 
and decoding information. Understanding coding language or science & theories to same fluency as a language 
is also a potential area that can be positively impacted by neurogenesis as they are all concepts like language.
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Title: Psychological Stress and Cancer

Abstract
In modern lifestyle societies stress become a phenomenon that almost everyone dealing with 
time to time, it is important to understand how stress can affect the human’s life and specially 
our health, chronic stress has been associated with the pathogenesis of many diseases 
including cancer.
In 2019 was studied by Seladi – Schumann J. et al. central and examined human breast tumor 
cells implanted in mice. Researchers found an increase in the activity of receptors for stress 
hormones in sites where metastasis occurred. This suggests that activation of these receptors 
by stress hormones could play a role in metastasis. TP53 is known as gene provides instruction 
for making a protein called tumor protein P53. Environmental stress is a risk factor for people 
with a genetic predisposition to cancer, with mutations in TP53.  
Stress is a natural response that the body has to perceive threats but having chronic stress 
increases the risk for a variety of health conditions, such as developing cancer. As it creates 
favorable conditions when a genetic predisposition to cancer is realised in its clinical 
manifestation. Regarding the fact that stress can lead to the transformation of genes in 
oncogenes it is important to control consciously all emotions occurring in the daily life in order 
to reduce the chronic psychoemotional stress. Humans should control stress in their life before 
it starts to control the humans.

References
[1] Burns, DM. Post-Transcriptional Control of Human Cellular Senescence: A Dissertation. (2010). Universi-
ty of Massachusetts Medical School. GSBS Dissertations and Theses. Paper 491. DOI: 10.13028/b52p-ek67. 
https://escholarship.umassmed.edu/gsbs_diss/491. 



55 ■

NANO-2019: Limits of Nanoscience and Nanotechnologies (Chisinau, Moldova)
Poster session 1

R. Hamami1, D. Seliktar1 
1 Department of Biomedical Engineering, Technion Israel Institute of Technology, 
Haifa 3200003, Israel, email: razielh@campus.technion.ac.il

Title: The use of Skeletal Muscle-Derived Pericytes in Tissue Engineering 
of Skeletal Muscle Graft based on 3D Pluronic-Fibrinogen (FF-127) 
Hydrogel Environment

Abstract
Introduction: Muscular dystrophies (MDs) are genetic disorders characterized by progressive 
muscle wasting, leading to limitations in motor capacity and in many cases to progressive 
paralysis and death. In this present study, we aim to rejuvenate skeletal muscle function by 
developing an injectable approach for intra-arterially delivery of cells to the injury site using 
biomaterials combined with cell therapy. 
Methods: For physically cross-linked cell-seeded microcapsules, a cell suspension 3 × 10 6 cells/
mL polymer mixture was dripped through a droplet-based microfluidic device into a warm 
(37 °C) gelation bath containing continually stirred media, forming micro-carriers with a 
diameter ranging from 150 to 500 μm. 
Results: In the first experiments, FF-127 micro-carriers were seeded with skeletal muscle-
derived pericytes (MP) using a new droplet-based microfluidic device, as the basis of our 
skeletal muscle repair strategy. Guided by the fact that cell viability directly correlates to the 
success of cell transplantation therapies, viability of encapsulated cells were investigated 1, 
4, 7, 14 and 21 days after culture. Viability, morphology, proliferation and cell recovery yields 
were shown to be higher than photo-chemically cross-linked over physical crosslinking micro-
carriers made from a similar material [Fig.1], especially in the MPs. Moreover, throughout 
syringe needle flow, cells experience three types of mechanical forces that can lead to cell 
disruption: (i) a pressure drop across the cell, (ii) shearing forces due to linear shear flow, 
and (iii) stretching forces due to extensional flow. In this study, our proposed system is cell-
compatible as harsh mechanical or crosslinking processes such as UV and aggressive chemical 
crosslinking mechanisms are avoided.
Discussion & Conclusions: Our studies demonstrate a novel strategy for injectable FF-127 cell-
seeded micro-carriers production using an effective microfluidic device. These micro-carriers 
successfully preserved the viability and concentration of human MPs required for positive 
transplantation later on. Using fewer cells to achieve a similar number of transplanted, viable 
cells would greatly reduce the cost, time, and effort required to restore lost skeletal muscle 
function using transplantation protocols.
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Title: Telomeres and Aging

Abstract
Telomeres and their effects on aging and health is a promising field of research because this 
might be the way to find a way to stop aging and elongate the lifespan of the human’s cells.
The telomere are repetitive DNA sequences at the ends of all human chromosomes,  In hu-
mans there are 46 chromosomes and thus 92 telomeres (one at each end). They protect the 
chromosomes (cap) and they separate one chromosome from another in the DNA sequence. 
Without telomeres the ends of the chromosomes would be repaired, leading to chromosome 
fusion and massive genomic instability. Also Telomeres are thought to be the “clock” that regu-
lates how many times an individual cell can divide. Telomeres sequences shorten each time 
the DNA replicates. A special ribonucleoprotein enzyme called telomerase works by adding 
back telomeric DNA to the ends of chromosomes, for this reason the loss of telomeres that 
normally occurs as cells divide. Most normal cells do not have this enzyme and thus they lose 
telomeres with each division.
Once a cell’s telomeres have reached a critically short length, that cell can no longer divide. Its 
structure and function begins to fail. Some cells even die. The over shorting of telomeres leads 
to feel and see signs of aging:  The skin cells start to die which cause to fine lines and wrinkle, 
hair pigment cells die and the person starts to see gray , immune system cells die and the risks 
to get sick is higher. Also underlying some cardiovascular diseasse, Alzheimer’s disease, cancer 
and diabetes. Telomeres’ shortening may be an active contributor to the genetic abnormalities 
that trigger cancer because dysfunctional telomeres drive genome instability. Lifestyle factors 
such as smoking, lack of physical activity, obesity, stress, exposure to pollution, etc.  can poten-
tially increase the rate of telomere shortening, cancer risk, and pace aging. In order to delay ag-
ing and shortening telomeres, it is recommended to have a healthy lifestyle including enough 
movement, free breathing, good mood, control stress reactions, enough night sleep, sufficient 
mental concentration during planning and during actions, balanced diet. Exercise can reduce 
harmful lipids in organism and help mobilize waste products for faster elimination, leading to 
reduced oxidative stress and preservation of DNA and telomeres and may therefore reduce the 
pace of aging and age-associated diseases.
In Conclusion, Telomeres shorten with age. Older people with shorter telomeres have three 
and eight times increased risk to die from heart and infectious diseases, respectively. To pre-
serve telomeres and reduce cancer risk and pace of aging, humans may consider to eat less, 
include antioxidants, fiber and healthy fats (derived from avocados, fish, and nuts) in daily 
diet, also to stay lean, active, healthy, and stress-free through regular exercise and meditation. 
Taking in consideration the study of Nobel prize winner Blackburn E., shortly should be kept in 
mind “Telomeres listen to you, they listen to your behavior, they listen to your state of mind”.
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Title: The surgical treatment of the wrist joint instabilities

Abstract
Wrist joint instabilities are ligament injuries associated with subluxations, luxations, fractures, 
nonunions or degenerative diseases of the carpal bones. There are different surgical techniques 
to resolve these problems. The study objective is to chronicle our personal experience with this 
condition.
Materials and methods: Our experience is based on the treatment of 131 patients with wrist 
instabilities of different etiology, aged between 18 and 68 years, who underwent various 
selective arthrodesis.
At 73 patients with scaphoid nonunion, arthrodesis of 4 carpal bones with distal scaphoid 
excision in different variants was performed in 50 cases, total wrist arthrodesis in 8 cases, 
scapho-capitate arthrodesis in 5 cases, removing the first row of carpal bones in 3 cases, 
scaphoid excision in 5 cases, radio-scaphoid arthrodesis in 1 case and scaphoid-trapezium-
trapezoid arthrodesis in 1 case.
At 41 patients with Kienbock disease, Graner’s technique was performed in 16 cases, 
arthrodesis of 3 carpal bones in 10 cases, scapho-capitate arthrodesis in 8 cases, radio-lunate 
arthrodesis in 4 cases, radio-scaphoid arthrodesis in 1 case and removing the first row of carpal 
bones in 2 cases.
Arthrodesis of 3 carpal bones (scaphoid-trapezium-trapezoid) was performed in 4 cases of 
deforming arthritis. Also triple scaphoid arthrodesis was done successfully in 9 patients with 
rotational subluxation of the scaphoid.
In 4 cases of the radial fracture nonunion, complicated with deforming arthritis of the wrist 
joint, was performed total wrist arthrodesis.
Results: Long-term results were followed up in 46 patients: good – 18, satisfactory – 23. 
Unsatisfactory outcomes were in 5 cases because of absence of the ankylosis and presence of 
the pain.
Conclusions: Each case of wrist arthrodesis is chosen individually according to disease, the 
spreading grade of deforming osteoarthritis and patient’s profession.
Wrist arthrodesis is indicated in deforming arthritis grade II or III of diverse etiology, when 
outstanding amplitude movements are up to 50% of normal range.
Arthrodesis directed to obtain an ankylosis of the carpal bones by losing the amplitude of 
movements, but allows to achieve a stable joint, without pain and to restore gripping power.
Keywords: wrist, instability, nonunion, arthrodesis.
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Title: Monro Kellie Doctrine

Abstract
Due to the increased capacity of information circuits in the modern society the central 
nervous system is overcrowded by huge amounts of information streaming daily to individuals 
particularly scientists. The problem is that nowadays is lacking the relaxation and the quality of 
the night dreams decreases. It leads to permanent vasoconstrictions of the brain’s vessels. So 
a consequence headache affects more and more people being a permanent problem in their 
daily life. These mechanisms underline much more serious pathophysiological changes leading 
to serious consequences regarding Monro Kellie Doctrine. It describes the pressure-volume 
relationship between Intracranial Pressure (ICP), volume of Cerebrospinal Fluid (CSF) blood, 
brain tissue, and Cerebral Perfusion Pressure (CPP). Brain is a closed structure composed of 
blood and CSF (Vascular, Parenchymal and CSF). Monro Kellie Doctrine: - Vol. of Brain + CSF + 
Intracranial Blood = Constant (an increase in one should cause a decrease in one or both of 
the remaining two). Alexander Monro (1733- 1817) a Scottish anatomist applied some of 
the principles of physics to the cranial cavity and hypothesized that blood circulating in the 
cranium was of constant volume at all times. Supported by Kellie finally known as Monro Kellie 
Doctrine, or Hypothesis. A brain hemorrhage followed by increase in intracranial pressure can 
cause a displacement to the CSF or blood. Due to loss of brain volume results in an increase 
in blood and CSF to maintain a constant ICP. In normal state 80% is filled by brain, 10% by CSF 
and 10% by blood. Due to certain trauma in the brain like if something has hit on the head a 
mass appears; When mass is present, initially the volume of CSF decreases to compensate. If 
mass enlarges, not only the volume of CSF must decrease, but also the blood volume of blood 
(Venous blood first). If mass continues to expand, there will be an increase in ICP, the blood 
volume will be reduced further resulting in brain ischemia and brain death or the contents 
of the brain must move out the intracranial cavity, i.e. herniation of brain tissue through the 
foramen magnum, an event that leads to brain stem compression and death as well. Regarding 
the high incidences of the diseases which are based on pathophysiologigal machanisms of 
Monro Kellie Doctrine, it is important to introduce the new- found physiological methods of 
functional investigation of the regulating systems of the nervous system which ensure the 
capacity of compensation. This would allow to prevent the correspondent complications and 
reduce the clinical expression.
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Title: How terms appear, or what is hidden behind the word “nano”

Abstract
Since the leading form of scientific thinking is the concept, almost every word in a scientific text 
is expressed by special lexical units - terms. The term is a denoting word or phrase characteristic 
of this branch of science and technology, and it has strict semantic boundaries. Accordingly, 
terminology is a system of concepts of the given science, fixed in the corresponding verbal 
expression. If in a common language (outside of this terminology) a word can be polysemantic, 
then, coming into a certain terminology, it becomes monosemantic, and the translation uses a 
meaning different from that used in everyday life.
A clear definition allows us to separate one phenomenon from another, to identify significant 
differences between them and thus emphasize a deeper understanding of the phenomena 
themselves. Therefore, the purpose of this work is an attempt to understand the meaning 
of today’s fashion terms with the terminological element “nano” – “nanoscience”, “nano-
technology”, “nanomaterial”.
Despite the fact that these issues have been repeatedly discussed in the special and popular 
science literature, the analysis of such literature shows that even in wide scientific circles, 
not to mention unscientific, there is no clear understanding of both the problem and the 
definitions. That is why we will try to show the meaning of the term “nano”, with the help of 
which they designate a new era in the development of technologies, sometimes called the 
fourth industrial revolution, – the era of nanotechnology.
Summing up, we may conclude that for a successful understanding of scientific literature, 
reader needs to have a certain lexical reserve, including special terms, to know the lexical, 
grammatical and stylistic rules, properties of creating terms and to be able to use them, and to 
be guided in the specific field of scientific knowledge.
Key-words: meaning of the term, nano, term, terminology.
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Title: Optimisation of technology of thermomechanical development 
of vegetable raw materials with the aim of biofuel 
and fertilizers production 

Abstract
It was shown that an effective way to increase the yield of oil during the physical extraction 
process is the destruction of the cell structure of the kernel. An effective method is known 
that provides the maximum destruction of the cell matrix of plant materials, the so-called 
steam-explosion auto- hydrolysis: heating of the material under pressure followed by rapid 
decompression or so-called. “Shock thermal loading” (heating at a rate at which an unrelaxable 
pressure gradient of the treated steam arises inside the molecule).
The overall goal of the research is the development of thermo-mechanical treatment 
technologies for bio-mass raw materials to improve the processing efficiency and the quality 
of the products for bio-energy and fertilizer production. In this framework a decentralized 
modular process technology, which can be housed and mounted in containers is the main 
goal of the development and of the improvements. This is taking up the demand of small and 
medium sized companies and farmers in the Eastern European as well in the Southern German 
areas.
The essence of the proposed method lies in the microwave effect on the plant material before 
extrusion treatment under pressure of the resulting vapor, followed by rapid decompression 
through the screw gate. At the exit from the extruder, additional pressure relief through a 
special matrix is also carried out, and the oil is subjected to ultrasonic or pulse-cavitation 
processing. It should be noted a decrease in the moisture content of the material during 
such processing, and the effectiveness of such drying is significantly higher (by 25-30%) than 
during thermal drying, since a significant part of the moisture is squeezed out of the material 
mechanically under the pressure of the resulting steam.
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Title: Proprietățile fizico-chimice ale senzorilor 
în baza semiconductorilor oxidici nanometrici

Abstract
Problema poluării aerului este una globală. Importanța elaborării materialelor sensibile la 
gazele poluante este una majoră. În acest context, semiconductorii oxidici nanometrici prezintă 
un interes sporit pentru cercetările științifice. În această lucrare sunt cercetate caracteristicile 
structurilor senzori în baza oxidului de zinc dopat cu argint sau cu paladiu. Au fost cercetate 
proprietățile acestor materiale cu ajutorul XRD, XPS, EDX, SEM și electrice. De asemenea, 
răspunsul structurilor senzori în baza oxidului de zinc dopat cu paladiu netrat și tratat termic. 
În continuare, în lucrarea dată s-a studiat cum se modifică răspunsul față de hidrogen și etanol. 
Structurile senzori elaborate au fost testate la concentrații mici de hidrogen și etanol. Au fost 
studiate performanțele senzor, răspunsul la ambele gaze pentru determinarea celui mai bun 
material senzor. La fel a fost determinată care este cea mai mică temperatură de operare 
pentru aceste materiale. Au fost măsurate caracteristicile dinamice la gaz pentru a verifica 
dacă senzorul elaborat are același răspuns după un anumit interval de timp. Rezultatele sunt 
importante pentru dezvoltarea în continuare a semiconductorilor oxidici pentru dispozitive 
senzoriale. 
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Title: Methods of DNA Analysis

Abstract
Methods of DNA analysis are methods which are used to process and engineer DNA. These 
methods are most commonly used in the field of genetic engineering. They allow us to cut 
and rebuild segments of DNA, replicate small samples of DNA (forensic investigations) and 
generally provide a way to treat genetic diseases. 
This topic was chosen for this report because of the high potential it has in making an innovative 
change in the healthcare system. 
The methods of DNA analysis are 3 in number and each method is used for a certain cause. 
The first method is the southern blot: southern blot is a method for finding the lengths of 
DNA strands using constriction enzymes to cut a long DNA strand into smaller pieces and then 
these pieces are put in gel electrophoresis to determine the lengths of the new strands. This 
method helps to determine mutations in the DNA based on the number and the length of the 
new DNA strands. 
The second method is DNA sequencing: this method is used for determining the order of 
nucleotides in the DNA and thus determining the information which the DNA codes for. 
The third method is PCR (polymerase chain reaction) - this method is used to amplify small 
samples of DNA into large amounts for the cause of finding mutations or for testing of a DNA 
sample which was found at a crime scene. This method is based on primers which determine 
the length of the amplified DNA (from where to where). It is basically the same method which 
our cells use to replicate DNA, only that it’s much faster and it is done in vitro. 
In conclusion, the methods of DNA analysis are useful methods for the investigation of DNA. 
They provide us with the ability to engineer our DNA to prevent or cure certain diseases and 
syndromes. And they are an important part of the healthcare industry’s way to develop and 
find new ways for curing and preventing diseases.
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Title: Novel conjugates <modified nucleoside – nanoparticle> 
to suppress the growth of superbugs

Abstract
Nowadays practically all pathogenic bacteria and viruses have developed resistance to most 
clinically important medicinal preparations, hence, there is a need in new drugs acting on new 
targets and being active against superbugs - resistant strains of pathogens [1].
Recently we have synthesized 2’-deoxypyrimidine nucleoside derivatives bearing extended 
alkyloxymethyl or alkyl(1,2,3-triazol-1-yl)methyl substituents at С-5 position and demonstrated 
their effective bacteriostatic activity against two Mycobacterium tuberculosis strains [2] as well 
as against a set of Gram-positive bacteria [3]. However, the nucleosides with large hydrophobic 
fragments are insoluble in water, thus, limiting the biological investigations. To solve this 
problem, a linker group was introduced for coupling a nucleoside moiety to a nanoparticle. 
At the same time, we have developed fundamentally new nanostructures of the type “Plates” 
with both positive and negative surface charge [5] with uniquely high optical properties 
(narrow fluorescence peak, high extinction, high efficiency of two-photon excitation) and 
offered an efficient method for obtaining conjugates [nucleoside-nanoparticle]. To study the 
effect of nanostructures on bacterial cells were selected bacteria that differ in shape, structure 
and thickness of the cell wall.
Herein we will present a new approach for transporting medicinal agents into bacterial cells 
to their targets, namely, the preparation of conjugates of biologically active nucleosides with 
nanoparticles.
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Title: Obesity for a Better Life

Abstract
Introduction. Nowadays obesity became a real problem, not only because of its well-known dangerous 
complications, but also because of the fact that people in the modern society do not recognize it as a 
problem. The negative effects of obesity on health are shown very representative in the study of Kuan HY. 
et al. It has also a negative impact on way of live. Decreasing the latter, how it is described in the study 
of Haomiao J. (The impact of obesity on health-related quality-of-life in the general adult US population).
Treatment of obesity needs to study the pattern and conditions of the patient’s eating and feeding 
process, and that sport alone will never lead to tangible results. The basic treatment depends on a 
permanent, continuous and conscious daily life style. The use of antipsychotic drugs alone has several 
side effects and is ineffective. A recent US study confirmed that 15  percent of obese children suffer from 
high blood pressure and insulin secretion, which causes diabetes, and the researchers stressed that there 
is a close relationship between watching TV and psychological problems with obesity in children, pointing 
out that exercise on a daily basis is one of the best ways to not get these children obesity. The main risk 
factors for obesity are: lack of physical activity, overeating, genetic predisposition, repeated pregnancy 
and childbirth, age and gender, watching TV after dinner, spending too much time in social media, lack of 
walking, lack of free breathing, psychosocial factors. In our study we hypothesized – if obesity is regarded 
by a big amount of individuals as a normal part of life, several permanent changes in their life-style should 
lead to it. So the aim of this study was to investigate life style changes in healthy probands which will lead 
to obesity in future, by comparing with life – styles in patients with obesity.
Material and methods. In this study a main group of 20 patients is included, aging from 18-65 years, 
of both genders, having obesity, and a control group of 45 healthy probands aging 18-35 years, of both 
genders, without obesity, normal BMI index. To the patients and to probands the same questionnaire 
was handed out. It consists of 12 questions for determining which deviations in life style the patients had 
for becoming obese and also to determine whether this is a genetically predisposed type of obesity or a 
secondary obesity. The same questionnaire was given to the probands in order to understand if they have 
already deviations in their life style as a risk to become obese in future. We elaborated the questions in 
the questionnaire based on risk factors for obesity mentioned above.
Results. From 45 healthy individuals without obesity, 32 showed the same life – style changes as patients 
with obesity.  
Conclusion Based on results of the questionnaire about the way of life we conclude that if these healthy 
persons continue such a life – style like the patients with obesity, certainly will suffer from obesity problems 
after a certain period of time. The results show that such a big amount of young healthy individuals has a 
life – style which includes the same risk factors which had the patients before becoming obese, means that 
nowadays the way of life became dangerous regarding metabolic changes risks.
Recommendations. Because of that we propose for those healthy individuals some directions how to 
get out and consciously living according to a healthy life style program in order to prevent their possible 
metabolic changes in further.   
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Title: General adaptation syndrome

Abstract
In the modern growing world things becomes more complicated for adaptation of new way 
of life, one among the few may accept the environment and adapt, but for the once who 
could not adapt, it turns into psychological effect on human behaviour.One among the 
common result is called stress. To understand the actual cause of this we need to understand 
the concept of “GAS (General Adaptation Syndrome)”. The three-stage process that describes 
the physiological changes the body goes through when under stress. “Hans Selye”, a medical 
doctor and researcher, came up with the theory of GAS. During an experiment with lab rats 
at McGill University in Montreal, he observed a series of physiological changes in the rats 
after they were exposed to stressful events. Selye noticed that the body has been adapting 
to external stressors in terms of a biological pattern that is actually predictable, so that the 
internal balance, or homeostasis, would be restored and maintained. The most important part 
of this theory is that, even if one’s body wants to control or reduce the stress, it still has its 
limits. The limited supply of body’s energy to adapt to the stressful environment is even more 
compromised when the body is exposed to the stressor continuously. The main part of the GAS 
is the 3 stages which was proposed .The first stage is the alarm stage in this stage the stress 
is labelled as a threat so ,this makes the body to activate the flight or fight mechanism as a 
result the stress hormones are released so called as “adrenaline, noradrenaline and cortisol”. 
The second stage of GAS is called resistance stage. During this stage the respond of your body 
for the flight and fight mechanism is taken place which means the stress is reduced, next step 
is that you body’s defences become weaker, as it needs to allocate energy to the repair of 
damaged muscle tissues and lower the production of the stress hormones, but still the body 
should fight them continuously although not as stronger as it could during the initial response. 
Now during the third stage which is the last stage of GAS that is called as the exhaustion stage. 
In this stage the stress is prolonged for a long time, now the body loose energy for draining out 
the harmful impact of the stressor as a result this stage becomes to be the “stress overload” 
which is leading to the health problems in long run leading to stress and anxiety. Although the 
GAS model does not cover all aspects of the response to stress, it is useful for explaining the 
adaptive response to an acute training stimulus. The causes can be Peer Pressure, Academic 
Pressures and Socioeconomic Pressure. Prevention is better than cure, keep a positive attitude, 
talk to someone share your feeling, manage your time, eat healthy and make time for fun and 
relaxation like meditation.
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Title: Применение низкочастотного магнитного поля 
малой интенсивности в птицеводстве

Abstract
Птицеводство  является важнейшей отраслью современного сельского хозяйства, обеспе-
чивающей население полноценным белковым питанием.  
Цель исследования – повышение качественных показателей инкубации: вывод и выво-
димость, вес птенцов, а также  ускорение развития молодняка экологически безопасным 
и малозатратным способом.
В исследованиях яйца непосредственно перед инкубацией подвергаются воздей-
ствию в течение 40 минут импульсным магнитным полем с индукцией 40-50 мкТл и 
плавно изменяемой частотой от 1 до 10 Гц и обратно в течение 2 минут. Данное поле 
находится в диапазоне частот, характерных для естественных полей Земли, например, 
волны Шумана (7,8 – 8 Гц), а величина магнитной индукции не превышает индукцию 
геомагнитного поля. Таким образом, предлагаемая технология не вклю чает стрессовых 
факторов воздействия на эмбрионы, которые могли бы вызвать отрицательные эффекты.
В ходе исследований проведен ряд экспериментов в производственном инкуба-
торе на куриных яйцах различных партий. Всего было обработано более 8000 яиц. 
Полученные обобщенные результаты показали, что прединкубационная обработка 
яиц низкочастотным магнитным полем низкой интенсивности имеет положительный 
эффект, который выражается в увеличении веса птенцов на 9%, в повышении вывода 
на 3% и выводимости цыплят на 12%, а также в снижении процента гибели куриных 
эмбрионов на различных сроках развития. У опытного молодняка ускоряется набор веса 
и уменьшается падеж. 
Проведены эксперименты по обработке низкочастотным магнитным полем малой 
интенсивности утиных яиц. Получено увеличение вывода на 13%, выводимости на 13,5% 
и веса на 11% по сравнению с контролем.
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Title: Medical quality management – an essential instrument in healthcare

Abstract
Medical institutions need to ensure the implementation of national healthcare guidelines 
to provide the prescribed standards for all actors of the healthcare system. In every public 
and private hospital has to be staffed a qualified specialist in the field of medical quality 
management, responisble for implementation of guidelines for investigation, treatment and 
hygiene measures, ensure information about innovations and possibility of their practical 
integration in medical insitutions, encourage the initiation of internal critical incident reporting 
system platforms to analyze mistakes and critically help to find solutions for improvement of 
medical services.
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Title: Rehabilitation in a multidisciplinary team to maintain Walkability 
in Patients with Multiple Sclerosis

Abstract 
Multiple Sclerosis (MS) is a demyelinating autoimmune disease impairing diverse functional 
systems controlled by the brain and spinal cord. Impairment of mobility and as a result decline 
of walkability is one of the conseqences of disease progression thus reducing enormously pa-
tients autonomy and quality of daily life. Rehabilitation in a multidisciplinary team remains the 
best option to maintain physical activity and walking over the course of disease. The optimal 
duration of inpatient rehabilitation has not been investigated evidence based. The usual in-
patient course that is offered by insurances does not exceed 3 weeks. Our study has shown a 
significant improvement of walkability in MS-patients beyond 4 weeks of intensive inpatient 
rehabilitation. With a view to maintaining the autonomy in mobility of MS-patients and hence 
to improve their quality of life there is a need for prolonged inpatient rehabilitation program 
exceeding 3 weeks of a standard duration course. The optimal terms of rehabilitation have to 
be determined individually and the results have to be evaluated in further studies.
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Title: Прибор непрерывного мониторинга качества воды
по её проводимости и температуре 

Abstract
Водные объекты и их ресурсы играют исключительную роль в современном социально- эко-
но мическом развитии республики Молдова. Естественные и антропогенные измене ния характе-
ристик их режима часто приводит к риску негативного воздействия вод на население и хозяйство. 
Предупреждение или уменьшение этих рисков, повышение безопасности водо пользования во 
многом зависит от мониторинга состояния водных объектов. Организация и проведение эколо-
гического мониторинга – одна из важнейших  задач, служащих форми ро вания устойчивого при-
ро до пользования в республике.
Цель работы – разработка технических средств для проведения удаленного непрерывного 
монито ринга гидрологических процессов [1].
Был разработан прибор непрерывного мониторинга качества воды, по измерению и сбору 
инфор мации на SD- карту данных,  по её проводимости и температуре. 
Прибор состоит: Цифровой индуктивный сенсор проводимости воды SE 670/G1 фирмы Knic 
c  специальным кабелем и сборной двух метровой штангой [2], источник питания 220-24-06 
SD, изме рительный преобразователь с двумя выходными тока (4…20 mA)  для подключения 
и работы цифровых Memosensos- сенсорв  MemoRail, модуль сбора данных МСД 200 ОВЕН, 
адаптер АС4- ОВЕН  USB- R S 485[3]. 
Цифровой индуктивный сенсор проводимости воды SE 670/G1 фирмы Knic, наиболее при год-
ный для удаленного и непрерывного контроля состава воды в акваториях, систем водо сна бже-
ния и сточных водоводах промышленности. Он являются бесконтактным (индук тивным) сенсо-
ром измерения проводимости жидких сред, который в совокупности с разработанным нами 
контроллером сбора и беспроводной передачи информации к удален ному пользователю, по-
зво лит проводить мониторинг состава воды. Это позволит ужесточить контроль за сточными, 
природными и питьевыми водами региона, а также за работой очистных сооружений. 
Информация накапливается на SD- карту в модуле сбора данных МСД 200- ОВЕН, с неё 
устанавливается на ПК в таблице Excel. Через разработанную программу  Value  Converter.exe 
информация представляется в удобном графическом виде, Рис.1.

Рис. 1. Данные о проводимости воды в водохранилище за пять часов мониторинга
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Title: Competitive 0 and pi states in S/F/S trilayers: multimode approach

Abstract
We investigate the behavior of the critical temperature T_c in superconductor/ ferromagnet 
/ superconductor (S/F/S) trilayers in the dirty limit as a function of the ferromagnetic layer 
thickness d_f and the S/F interface transparency. This system is interesting due to the possibility 
of realization of competitive 0 and pi states. We perform T_c calculations using the general self-
consistent multimode approach based on the Usadel equations in Matsubara Green’s functions 
technique, and compare the results with the single-mode approximation, widely used in the 
literature. Both methods produce similar results for sufficiently low interface transparency. 
For transparent interfaces we obtain a qualitatively different T_c(d_f) behavior [1]. Using 
the multimode approach we observe multiple 0-pi transitions in critical temperature, which 
can not be resolved by the single-mode approximation. We also calculate the critical S layer 
thickness at given d_f when an S/F/S trilayer still has a nonzero critical temperature. Finally, we 
establish the limits of applicability of the single-mode approximation.
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Title of the lecture: Prevention of Motor Vehicle Crush 
due to Loss of Conscious Control 

Abstract
Motor vehicle crash due to driver’s fatigue, sleep deprivation or loss of consciousness occupy 
significant part of crush reasons. The majority of high-risk freight are transported by land, 
in particular with automobile transport. Despite the existence of various crush preventing 
systems as well as limited driving time for drivers still the problem of car accidents is unsolved 
up to now. It is known that posture formed by a muscle tone which is controlled by central 
nervous system and depends on levels of consciousness, awareness and attention. We propose 
sensory insertion in driver’s seat for detection of threatening health (physical) conditions of a 
driver. This method involves analyses of driver’s posture utilizing center of mass displacement. 
As a result, the feedback from our system supports crush accidents prevention. Our invention 
for vehicle crush prevention can recognize threatening driver’s health conditions including 
fatigue, falling asleep and consciousness loss by detecting a displacement of a center of driver’s 
mass. Integrating data from our platform with other vehicle systems for crush prevention can 
decrease the rates of accidents. 
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Title: A new method for obtaining of silver iodide particles 
used for active influences on atmospheric processes 

Abstract
Hail damage to agriculture is colossal; the annual loss of agricultural products due to hail is 3 to 
18%. The fight against hail damage is conducted in countries with developed agriculture: more 
than 65 hail suppression projects are implemented in 48 countries of the world on an area 
of about 88 million hectares. The cost of organization of hail protection activities is recouped 
sixfold to tenfold on average.
It is known that the highest integrity of silver compounds and, therefore, a high activity of the 
pyrotechnical composition are achieved during the combustion of a pyrotechnical mixture un-
der a high pressure. This condition is most effectively implemented via combusting a pyrotech-
nical composition in the sustainer propulsion engine mode; in this case, it is possible to choose 
the working pressure that is optimal for the ice-forming aerosol yield. These conditions provide 
an extremely high ice-forming aerosol yield and a relatively low content of silver compounds in 
the ice-forming solid fuel. A distinctive feature of the product is the use of a new ice-forming 
fuel, which provides the combination of the functions of jet propulsion and crystallizing aero-
sol generation with an increased length of the path of effective seeding of clouds at a required 
height and in a required layer (“Stroyproject” LTD) [1].
Combustion of full-sized propulsion rocket engines was conducted in a horizontal aerodynamic 
tunnel designed for the simulation of flight conditions (air-stream velocity of up to 30 m/s) 
during aerosol generation by a pyrotechnical composition (dynamic mode), which has been 
designed in Gitsu Institute of Electronic Engineering and Nanotechnologies [2]. Actual tem-
perature modes (–3 to –15°C) and humidity conditions were provided in an ILKA KTLK-1250 
cloud chamber. Analysis of the results showed that the yield of active ice-forming nuclei during 
the combustion of full-sized propulsion rocket engines is ~1014 g–1 at a supercooled model fog 
temperature of 10°C. These high yields can be explained as follows. One of the main parame-
ters that determine the ice-forming properties of particles is dispersion. During the genera-
tor operation, this parameter depends on the ratio between the generator motion speed and 
the exit velocity of the gas–vapor jet from the generator nozzle. Taking into account the high 
combustion rate of rocket propellants in the main propulsion engine, it can be stated that the 
generated particles have a geometric mean radius and a diameter of more than 0.04 µm; this 
feature provides intense ice nucleation at a temperature of –10°C and, accordingly, a high ice-
forming efficiency.
Thus, it has been shown that use of a composite propellant based on a polyvinylchloride 
thermoplastic material as the main propulsion engine provides the high-efficiency seeding of 
hail-hazardous clouds with artificial nuclei and, as a consequence, the suppression of hail-
formation processes in potentially hazardous clouds.
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Title of the lecture: Phonons near Peierls structural transition 
in the nanostructured tetrathiotetracene-iodide crystal 

Abstract
The behavior of the Peierls structural transition in quasi-one-dimensional organic crystals 
of tetrathiotetracene-iodide (TTT2I3) for different values of carrier concentration is analyzed 
in 3D approximation. In the frame of the physical model, two the most important electron-
phonon interactions are considered. The first interaction is of deformation potential type 
and the second one is of the polaron type. The scattering on structural defects is also taken 
into account, and it is shown that this interaction is very important for the explanation of the 
Peierls structural transition in TTT2I3 crystals. The renormalized phonon spectrum is calculated 
in random phase approximation. It is shown that the transition is of Peierls type and strongly 
depends on iodine concentration. The Peierls critical temperature is determined. In [1] the 
same dependences for 2D physical model are presented. It is demonstrated that the hole-
phonon interaction and the interaction with the structural defects diminish the renormalized 
phonon spectrum and reduce the sound velocity in a large temperature interval.
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Title: Josephson junctions and π-loops based on MoRe/YBa2Cu3O7-x 

Abstract
We have fabricated Josephson d-wave/s-wave junctions (ds-JJs) between the d-wave super-
conductor YBa2Cu3O7-x (YBCO) and the s-wave MoRe – alloy superconductor on the buffered 
MgO substrates, using thin Au film as a normal conducting barrier and as protector against 
oxygen diffusion. I(V)-characteristics of the ds-JJs demonstrate  twice larger critical current 
along the [100] axis of the YBCO film compared to similarly-oriented ds-JJs made with a Nb top 
electrode. The characteristic voltage IcRn of the YBCO-Au-MoRe ds-JJs is 750 µV at 4.2 K. YBCO-
Au-MoRe ds-JJs that are oriented along the [100] axis of the YBCO film exhibit a 200-times 
higher critical current than similar ds-JJs oriented along the [110] axis of the same YBCO film. 
Different layouts of p-loops based on the novel ds-JJs were arranged in various mutual coupling 
configurations. Spontaneously-induced magnetic fluxes of the π-loops were investigated 
using scanning SQUID microscopy. Magnetic states of the π-loops were manipulated by 
currents in integrated bias lines. Higher flux states up to ± 2.5 π0 were induced and stabilized 
in the π-loops. Crossover temperature between thermally activated and quantum tunneling 
switching processes was estimated.
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Title: Электронная платформа для сбора данных, 
архивирования и пересылки по GSM

Abstract
В Институте Инженерной Электроники и Нанотехнологий «Д. Гицу» был разработан 
и изготовлен микропроцессорный контроллер DAWTS-1 (Рис. 1), который пред-
назначен для сбора, накопления, резервного хранения и беспроводной передачи 
данных в системах мониторинга окружающей среды и управления различными 
технологическими процессами. 

Рис 1. Внешний вид контроллера

К контроллеру DAWTS-1 можно подключить до 254 ведомых (“Slave”) устройств по 
шине интерфейса RS-485, находящихся на расстоянии до 1200 метров. Объем карты 
памяти составляет 2 Гб (до 108 записей), питание от 6 до 12В постоянного тока, 
период архивации данных от 1 сек до 1 часа, тип файловой системы карты памяти 
FAT32. 
Датчик GPS позволяет определять географические координаты DAWTS-1, а техно-
логия GPRS (General Packet Radio Service) позволяет передавать данных из любого 
удалённого района, где присутствует покрытие 2G. 
На базе DAWTS-1 была создана интеллектуальная система мониторинга уровня, 
температуры и элетропроводности воды в скважинах и водоемах в режиме 
реального времени для контроля качества воды и предотвращения последствий 
стихийных бедствий (паводков, землетрясений). Система включает в себя контроллер 
DAWTS-1, специально разработанный в нашей организации гидростатический 
датчик уровня жидкости TPH-485 и доработанный цифровой индуктивный датчик 
электропроводности SE670 фирмы KNICK. Связь между контроллером и датчиками 
осуществляется посредством проводного интерфейса RS-485.
В дальнейшем для повышения удобства эксплуатации и уменьшения стоимости 
системы планируется связь между контроллером и датчиками производить 
посред ством беспроводного интерфейса на базе технологии LoRa (Long Range). 
Технология LoRa позволяет передавать данные на расстояние до 10-15 км с низким 
энергопотреблением. что значительно упрощает системы мониторинга окружающей 
среды и дает возможность увеличить срок службы датчиков от батарей до 5-ти лет.
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Title: Josephson emission from Bi2Sr2CaCu2O8+δ mesa structures

Abstract
Mesa structures of Bi2Sr2CaCu2O8 + δ (Bi-2212) high-temperature superconductor repre-
sent stacks of intrinsic Josephson junctions. Josephson junctions allow direct conversion of 
DC voltage into high-frequency electromagnetic waves with tunable frequency f = (2e/h)
V (= 0.48359 THz/mV). Thus, superconductors can provide an alternative technology 
for creation of compact THz sources. It has long been anticipated that small Bi-2212 
mesas may have many benefits as THz oscillators: (i) Edge effects and capacitive coupling 
persuade in-phase synchronization of junctions, needed for superradiance; (ii) Self-
heating is reduced proportional to the mesa size, which allows operation at high voltages 
and frequencies; (iii) The frequency and the quality factor Q of the primary geometrical 
resonance (cavity mode) increase inversely proportional to the mesa size. Fiske steps 
with Q > 100 were reported for μm- size Bi-2212 mesas. This should strongly boost the 
emission efficiency because high-Q resonances enhance the emission power Q2 and 
decrease the line-width 1/Q. (iv) Small mesas can be made free from defects and with 
identical junctions, simplifying their synchronization.
Here we demonstrate that small-but-high Bi-2212 mesas can be used as high-frequency 
electromagnetic wave generators in a record high frequency range up to 11 THz [1]. We 
argue that a threshold number of junctions N>100 is needed for coherent superradiant 
emission from the mesas. We demonstrate several ways of detection of radiation: using a 
nearby mesa on the same crystal as a switching current detector, or an external bolometer.

The Figure represents generation-
detection experiment in the 1-11 
Thz range with inbuilt detector. 
Two mesas with different sizes 
and detector configurations are 
presented. a, d I–V characteristics 
of generator mesas. b, e Measured 
detector responses as a function of 
the generator voltage per junction. 
c, f Emission spectra: detector 
response vs. Josephson frequency 
for the falling parts of the generator 
I–V curves. Vertical bars on top of 
c, f mark expected frequencies of 

strong emitting in-phase geometrical resonances in mesa with sizes Lx*Ly corresponding 
to those generators. The estimated maximum emission power ~1μW indicates an 
encouraging DC to AC conversion efficiency.
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Title: Manufacturing highly conductive ceramic targets and thin films of ZnO

Abstract
The present investigation addresses a novel approach for sintering ZnO ceramics by means of 
chemical vapor transport (CVT) using compound transport agents. The typical size of obtained 
ZnO ceramics was 25 mm in diameter and 1 mm thickness. The sintering ZnO ceramics at 
the use of HCl+H2+C, is the most perspective and effective method, which has the following 
advantages: the low sintering temperature of 1070 °C, 99% of the initial diameter, 80% of 
single crystal hardness, 90-95% of ZnO density, the low resistivity of 0.025 W×cm, free from 
powder pressing, free from attachment effect and contamination. 
ZnO targets with resistivity of 2×10–3 W×cm, additionally doped by donor impurities, can 
be successfully sintered at low temperatures. ZnO thin films (~ 400 nm), obtained by DC 
magnetron sputtering, have the following parameters: the optical transparency is about 90% 
in the visible range, resistivity of 4×10-4 W×cm, free electron concentration of 3×1021 cm-3, 
and hall mobility of 6 cm2/Vs. The proposed technology simplifies and reduces the price of 
manufacturing uniformly doped ZnO ceramic targets, thin films and optoelectronic devices 
based on ZnO.
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Title: Obtaining highly conductive oxide single crystals 
for manufacturing nanotemplates

Abstract
The present investigation is devoted to obtaining ZnO, In2O3 and Ga2O3 single crystals by 
chemical vapor transport (CVT). The thermodynamic analysis of the composition of CVT 
systems with ZnO, In2O3, Ga2O3 and various transport agents (TAs) is carried out for wide 
temperature range and for various density/composition of TA. The influence of the growth 
temperature and of the TA density/composition on the mass transport rate is investigated 
theoretically and experimentally. The possibility of increase in mass transport rate by several 
orders of magnitude at the presence of compound TAs is demonstrated.
The application prospects of obtained single crystals as substrates for manufacturing 
nanoporous matrices (nanotemplates) by the electrochemical etching are analyzed. The 
fabrication of nanopore arrays with various morphology, which depends on the crystallographic 
orientation of substrates, is demonstrated for ZnO.
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Title: Peculiarities of Seebeck coefficient of semi-metallic bismuth wires 
in high magnetic field

Abstract
The effect of high magnetic field on the transport properties of semi-metallic bismuth has been 
a subject of increasing interest in the last years because a lot of unexpected findings detected 
far above the quantum limit of the electrons[1-3].
The presented investigations of the magnetotransport measurements of Bi wires complement 
the series of recently published experimental results on bulk Bi in high magnetic field. The 
design of measurements in magnetic field was diversified by using uniaxial deformation 
directed along the wire axis. By combining high magnetic field and uniaxial strain, the electronic 
structure of the bismuth wires was modified; as a result, the quantum limit for light and heavy 
electrons could be changed in different ways. 
Measurements of the thermoelectric response (Seebeck coefficient) in quantizing magnetic 
field have revealed some oscillating instabilities in the magnetothermopower dependence in 
a magnetic field of 15 - 20 T. Observed correlation between a simultaneous shift in a magnetic 
field of the position of the anomalies and of the quantum limit of electrons, when modifying 
of the electronic structure under strain, allows us to attribute of unidentified peaks to the 
complex structure of the lowest Landau level of electrons when one of the lowest spin-
polarized Landau sublevel of heavy electrons approaches and crosses the Fermi energy level.
It should also be noted that a decrease in the resistance in higher fields with the apparent 
metallization of bismuth indicates possible changes in the mechanism of carrier scattering 
associated also with the Lifshitz Transition and with the substructure of the last Landau level 
of electrons. 
Key words: bismuth wires, Seebeck effect, quantum limit, high magnetic field 
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Title: Theory of magnetic phases in Eu based ferromagnetic superconductors

Abstract
We present the theory of the non-uniform magnetic phases in easy-axis ferromagnetic 
superconductors with the dominant electromagnetic mechanism of interaction between 
superconductivity and ferromagnetism and low Curie temperature [Zh. Devizorova, et al., 
Phys. Rev. Lett. 122, 117002 (2019)]. We demonstrate how the initial sinusoidal magnetic 
structure smoothly transforms into the domain one with decrease of the temperature. The size 
of the domains appears to be of the order of the London penetration depth. We also calculate 
the parameters of the first order phase transition into the vortex state, which occurs upon 
further lowering the temperature. Since the size of the domains in the vortex state is basically 
the same as in usual ferromagnet the transition into the vortex state is accompanied by the 
increase of the magnetic structure period. We predict that the domain walls should generate 
the vortices perpendicular to the ones in the domains. The results qualitatively describe the 
magnetic structures recently observed in P-doped EuFe2As2 compound [V. S. Stolyarov et al., 
Sci. Adv. 4, eaat1061 (2018)].
We also propose the possible scenario of the helicoidal magnetic structure emergence, which 
may be recently observed in EuRbFe4As4 compound [see Vlasko-Vlasov et al., Phys. Rev. B 99, 
134503 (2019) and reference therein]. Surprisingly, the period of the structure appears to be 
very small, i.e. of the order of several lattice parameters. We argue that this structure may 
appear due to the presence of superconductivity. In spite of EuFe2As2 and EuRbFe4As4 seems 
to be very similar in the later one the main mechanism between superconductivity and ferro-
magnetism seems to be the exchange one. This results in the appearance of the magnetic 
structure with the period of the order of the superconducting coherence length. 
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Title: Modeling of formation processes of multilayer nanostructures 
for spintronics

Abstract



83 ■

NANO-2019: Limits of Nanoscience and Nanotechnologies (Chisinau, Moldova)
Poster session 2

Lidia Ghimpu1

1 Institute of Electronic Engineering and Nanotechnology, 
Chisinau, Republic of Moldova

Title: Gas Sensors with Oxide Metals Deposited on Optical Fibers 
(Senzori de gaze cu metale oxidice depuse pe fibra optica)

Abstract
In this review, a number of oxide materials deposited on optical fibers have been studied to 
determine the most optimum materials for the production of optical sensors intended for the 
detection of petroleum gases, namely, butane, ammonia, and ethanol. The sensory properties 
of oxides materials, such as ZnO, TiO2, and SnO2, with different thicknesses have been described. 
First, all materials have been prepared by the RF sputtering method; second, the results of a 
study of the morphology and sensing characteristics of the optical fiber sensors have been 
discussed. The studies have revealed that the ZnO and TiO2 materials are promising candidates 
for the fabrication of real-life optical LPG sensors. Although TiO2 has a higher sensitivity value, 
the two materials exhibit similar signal variation, which can be even more characteristic of this 
type of sensors in contrast to electrical metal oxide sensors. Important observations consist 
in the necessity of attentive preparation of the fibers and a thermal treatment of the working 
oxide films. It has been shown that, after annealing of nanocrystaline ZnO, the sensitivity 
increases. The sensitivity increases with increasing layer thickness. The prepared sensors attain 
a sensitivity of 2.77% for ZnO and 24.4% for TiO2.
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Title: Effect of Thickness on the Structural and Optical Properties 
of RF-Sputtered Nanostructured NiO Thin Films

Abstract
Nanostructured transparent and conductive p-type NiO thin films were prepared successfully 
by RF sputtering from a Ni metal target [1, 2]. The effect of thickness on the structural and 
optical properties of NiO nanocrystalline thin films was studied. Ultraviolet–visible (UV–Vis), 
X-ray diffraction (XRD), and atomic force microscopy (AFM) were used to characterize the NiO 
nanocrystalline thin films. The AFM studies showed that the roughness parameters of the 
NiO surfaces are affected by the film thickness. The grain size increased with increasing film 
thickness. The XRD analysis of the NiO thin layers revealed a high crystalline structure with a 
preferred crystalline orientation in the (002) plane. The optical transparency of the NiO layers 
for T > 100°C exceeds 80% throughout the interval of the visible spectrum. The free carrier 
concentration reached the value of 2.12 ´ 1016 cm–3 at a substrate temperature of 300°C. An 
increase in the substrate temperature from 50 to 450°C leads to a decrease in the resistivity 
of the NiO layers due to an increase of the concentration and mobility of the free carriers. The 
increase in the carrier concentration is attributed to the formation of some acceptor centers 
(oxygen vacancies) with an increase in the substrate temperature. An increase in the free 
carrier concentration leads to a significant increase in the difference in the band gap values 
due to the Burstein–Moss effect. The increase in the Hall mobility correlates with the results 
of the structural studies, which show that the crystallite size increases with an increase in the 
substrate temperature.
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Title: Enzymatic-like properties of Fe3O4 / PVP nanoparticles in the study 
of Sorghum growth processes

Since the discovery of the effect of the behavior of ferromagnetic (Fe3O4) nanoparticles 
in 2007 by a group of researchers, nanoparticles showed intrinsic peroxidase-like activity, 
with catalytic behavior similar to horseradishperoxidase (HRP). A number of papers 
appeared devoted to similar properties for a number of other nanoparticles: CeO2, Ru, 
Pd, NiO etc [1-2].
In particular, depending on the acidity of the medium, magnetite nanoparticles as enzyme 
mimetics can exhibit both peroxidase and catalase properties. The chemical reactions 
driven by these two enzymes are:

The term “nanozyme” was introduced to define nanomaterials with intrinsic enzyme-like 
activities. Nanozymes find applications in various fields, such as bioelectronics-sensor 
devices, biosynthesis, environmental protection [3]. We studied the catalase activity 
of the soil during the growth of sorghum treated with colloidal solutions of Fe3O4/PVP 
nanoparticles. Sorghum vulgare Alisiers was chosen as a test object. The test response 
was the length of the roots and shoots of the wheat. Catalase activity was determined 
by the Galustyan method by oxygen evolution. A colloidal solution Fe3O4/PVP magnetite 
nanoparticles in concentrations of 10, 25, 50 and 75 mg/kg of dry soil was used. An 
increase in catalase activity depending on the concentration of magnetite nanoparticles 
allows us to conclude about the synergistic effect of enzyme-like nanoparticles.
Key words: magnetite nanoparticles, enzyme-like catalase activities, Sorghum vilgare 
Alisiers
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Title: Synthesis, physical-chemical property of nano zero-valent iron 
with poly-n-vinyl-pyrrolidone and their bacterial properties

Abstract
Nano zero-valent iron (nZVI) were prepared by chemical reduction from a ferrous salt-
solution in the presence of PVP used as a stabilizer. The synthesis was carried out with 
ultrasonic processing and without it. The resulting nanoparticles were characterized by 
X-ray powder diffraction (XRD) analysis and scanning electron microscopy (SEM), Trans-
mission Electron Microscopy (TEM) and Fourier-transform infrared spectroscopy (FTIR). 
Antibacterial tests of 2 different nanoparticle iron synthesized by different methods were 
performed using 10 different microbial strains. This experiment was carried out by Muel-
ler Hinton Agar agar well diffusion method. Iron nanoparticules were solved in dimethyl-
sulphoxide (DMSO). Staphylococcus aureus ATCC 29213, Escherichia coli ATCC 25922, 
Bacillus cereus DSMZ 4312, B. subtilis ATCC 6633, Pseudomonas aeruginosa STCC 15632, 
Enterococcus faecalis NCTC 8213, Proteus vulgaris (MBG microbiom lab stock) as bacterial 
strains and Candida albicans ATCC 10231 as a fungal strain were used in the antimicrobial 
assay. Chloramphenicol on all bacterial strains and nistatin on fungal strain were used as a 
positive control. DMSO were used as negative control. According to the antimicrobial test 
results, both nanoparticles showed no antibacterial effects. These results were evaluated 
as positive results for both substances in terms of plant-beneficial bacteria relations and 
possible herbicidal activity of these subtances. 
Key words: Nanozero-valent tiron (nZVI), poly-N-vinylpyrrolidone, bacterial properties.
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Title of lecture: S/F/S Josephson junctions 
with a strongly ferromagnetic Ni barrier

Abstract
Josephson junctions that have ferromagnetic materials are actively studying and can be used 
as cryogenic memory devices. First we need to know how ferromagnetic and superconductors 
compete in one system. In conventional strong ferromagnets (Fe,Co,Ni) the ferromagnetic 
exchange energy is much larger than the superconducting gap. Therefore, it was suggested 
that diluted weak ferromagnetic alloys are most suitable for fabrication of superconductor/
ferromagnet/superconductor (SFS) Josephson junctions with significant Josephson critical 
current density. However, alloys are often characterized by a short mean-free path of electrons, 
which reduces the critical current.
Here we study experimentally SFS junctions with a pure strong ferromagnet Ni between Nb 
layers. The aim is to investigate if the strong F-barrier is suitable for making SFS junction 
with significant Josephson coupling. We fabricate and study nano-scale Nb/Ni/Nb junctions 
with sizes down to 120 nm and with different thickness of Ni-barrier (2-20 nm), using 3D-FIB 
nanosculpturing technique. Junctions exhibit a significant critical current and Fraunhofer-like 
modulation Ic(H) in the in-plane magnetic field, indicating good uniformity of the junctions. We 
demonstrate, that Ic(H) patterns contain information about magnetization of a ferromagnetic 
nanoparticle, forming a junction barrier. By measuring  Ic(H) patterns in different field ranges 
we can extract small hysteresis loops of Ni nanoparticles.
We observe that Nb/Ni/Nb junctions with Ni thickness less than 4 nm have irregular Ic(H) 
patterns, indicating presence of micro-shots and discontinuity of the barrier. However, at 
larger thickness and up to ~20 nm of Ni junctions exhibit clean Fraunhofer-type modulation 
with significant critical current density, comparable to that of diluted F-layers with the same 
thickness. We argue that the observed large critical current density is due to cleanliness of 
pure Ni layer with a mean-free path larger than the layer thickness. Our observations suggests 
that it is possible to build and control Josephson devices based on strong ferromagnets, like Ni.
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Title: Current-voltage characteristics of Josephson SFIFS junctions

Abstract
We present a quantitative study of the current-voltage characteristics (CVC) of SFIFS 
Josephson junctions (S denotes bulk superconductor, F - metallic ferromagnet, I - insulating 
barrier) in the diffusive limit. The problem is solved in the framework of the nonlinear Usadel 
equations. We consider the case of a strong tunnel barrier such that the left SF and the right 
FS bilayers are decoupled. We calculate the density of states (DOS) in SF bilayers using a self-
consistent numerical method, obtain the CVC of corresponding SFIFS junctions, and discuss 
their properties for different set of parameters including thickness of ferromagnetic layers, 
exchange fields, and magnetic scattering time.



89 ■

NANO-2019: Limits of Nanoscience and Nanotechnologies (Chisinau, Moldova)
Poster session 2

L. Konopko1, A. Nikolaeva1, T. Huber2 
1 Institute of Electronic Engineering and Nanotechnology, Chisinau, Moldova
2 Department of Chemistry, Howard University, DC 20059, Washington, U.S.A.

Title: Yamaji Magic Angles in Bismuth Nanowires 

Abstract
Bulk bismuth has been classified as a trivial topological insulator (TI) where the surface 
states do not have topological protection. Still, the electronic mobility of surface states is 
exceptionally large. This is not surprising if we consider that bulk Bi can be assembled by 
stacking bilayers, and that the bilayer of Bi is thought to represent a two dimensional TI that 
supports edge modes propagating along the perimeter of the sample, modes that exhibit 
coherent propagation and suppression of backscattering. Recently, it has even been proposed 
that the hinges of the surface of the crystal also have special topological properties, hosting 
topologically protected conducting modes. Experimental studies that probe the surface of bulk 
bismuth as a composite of edges on the surface of bulk Bi are lacking and we present angle-
dependent transverse magnetoresistance (TMR) oscillation measurements of small diameter 
( 50 nm ) bismuth nanowires where electronic transport is dominated by the surface, rather 
than the bulk in the core of the nanowire, because of quantum confinement. We find that the 
TMR of the surface states in our nanowires exhibits a number of nanowire rotation angles that 
strongly suggest an interpretation in terms of Yamaji magic angles. Magic angles are observed 
in layered and other low-dimensional conductors with weak interplanar coupling that are 
amenable to be described by an open, corrugated, Fermi surface. In contrast to nanowires, 
bulk bismuth does not display magic angles since the Fermi surface is closed. The main Fermi 
surface parameters that we observe: Fermi wavevector, charge density, and interplanar 
coupling will be discussed.
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Title: Quantum oscillations and surface states effects 
in Bi-Sb topological insulator nanowires 

Abstract
We have investigated the temperature and magnetic field dependencies of resistance of single 
crystal topological insulator Bi0.83Sb0.17 nanowires. Nanowire samples with diameters ranging 
from 75 nm to 1.1 µm were fabricated by radio frequency casting in a glass capillary (Ulitovsky 
technique) [1]. Owing to the quantum size effect, the energy gap Eg with decreasing diameter of 
the nanowires d from 1100 nm down to 75 nm) increases as Eg µ 1/d (for diameter d = 1.1 μm and 
d = 75 nm, Eg = 21 and 45 meV, respectively). Surface states manifest themselves as decreasing 
resistivity at low temperatures. The Shubnikov-de Haas oscillations observed in Bi0.83Sb0.17 
nanowires at T = 1.5 and 3 K demonstrate the existence of high mobility (μS=26,700–47,000 
cm2V−1s−1) 2D carriers in the surface areas of the nanowires, which are nearly perpendicular to 
the C3 axis. From the linear dependence of nanowire conductance on nanowire diameter at T = 
4.2 K, we calculated the square resistance Rsq of the surface states of the nanowires to be only 
70 Ohm [2]. In thin Bi0.83Sb0.17 nanowires (d ≤ 100 nm) at low temperatures (1.5 K ≤ T < 5 K), we 
discovered the Aharonov–Bohm (AB) oscillations of longitudinal magnetoresistance with two 
periods - one flux quantum, Φ0 and half of flux quantum, Φ0/2, (ΔB1 =Φ0/S, ΔB2 =Φ0/2S, where 
S is the cross-sectional area of the nanowire). The periods ΔB depend on the inclination angle 
α of the magnetic field direction according to the law ΔB=ΔBparallel/cosα. This law is preserved 
up to angles of about 60 degrees. The nonmonotonic changes of magnetoresistance, which 
are equidistant in a direct magnetic field, were observed in transverse magnetic fields under 
conditions where the magnetic flux through the cylinder Φ = 0. Possible reasons for this 
behavior by analogy with thin bismuth nanowires are discussed.
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Title: Characterization of p-NiO/n-Si heterojunctions prepared 
by spin coating method
Abstract
NiO presents interest for a wide range of optoelectronic application as a p-type transparent 
conducting films due to the wide band gap (3.6–4.0 eV) [1]. Furthermore, its excellent durability and 
electrochemical stability is important for optical applications. NiO thin films have been fabricated 
by various physical and chemical deposition techniques, such as magnetron sputtering [5], spray 
pyrolysis [2,4], spin-coating [3] and by electrochemical anodic deposition. Spin-coating method is an 
easy, low cost, safe, cheap, and non-vacuum technique for preparing transparent conducting oxide 
films with high performance parameters as compared to the other techniques. 
In this paper, we present results on preparation of NiO thin films by spin-coating method. The films 
have been deposited on n-Si (100) substrates from 0.35 M aqueous solution of nickel chloride - 
NiCl2*6H2O or nickel acetate - Ni(ac)2*4H2O dissolved in 20 mL of 2-methoxyethanol + 0.5 mL of 
diethanolamine (DEA) as a stabilizer. The substrates were chemically and ultrasonically cleaned 
before coating, and the films have been deposited at a rotational speed of 2000-3000 rpm, to 
spread the coating material over the entire surface of the substrate by centrifugal force. Each film 
was deposited in a number of cycles, consisting of a 20 seconds deposition process followed by 
drying at 150°C for 10 minutes. The film thickness is determined by the number of the applied 
cycles. When the desired film thickness was reached, it was treated at 500 °C for one hour in the air.
The structural, morphological, optical and electrical parameters of films were investigated in detail 
by means of scanning electron microscopy (SEM), Fourier-transform infrared spectroscopy (FTIR), 
current–voltage characterization (I-V), photoluminescence and the optical absorption. Ag contacts 
have been deposited on p-NiO films for electrical characterization. The I-V characteristics of p-NiO/
n-Si heterojunctions demonstrated photosensitivity in the UV spectral range, with a current increase 
from 10-6A in the dark to 10-5A under UV illumination with a power density of 100 mW/cm2  from a 
solar simulator. The analysis of optical absorption spectra plotted in (αhυ)2 = f(hυ) coordinates  for  
films deposited on silica substrates revealed a direct bandgap value of around 3.66 eV for p-NiO 
films. 
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Title: Thermomagnetic transport due to the superconducting 
interfaces in inclination bicrystals of Bi

Abstract
The group- V semimetals are of major interest for solid state physics, because of easy access 
to the quantum limit in high magnetic fields and possibility of studying the unusual behavior 
of Dirac electrons under extremal conditions of a strong phonon drag effect, electronic 
topological phase transitions, and proximity-induced superconducting order. Some of these 
materials like Bi, exhibit remarkable electron transport properties and unique thermoelectric 
and thermomagnetic characteristics, defining new directions in this field of science. In this 
report we show the high - field thermomagnetic power Sii(B) and Nernst–Ettingshausen 
effect Sij(B) in Bi inclination bicrystals with superconducting nano-width interfaces (~ 100 
nm). We found that the thermomagnetic effects in small disorientation angle bicrystals (SDA) 
are considerably higher than in single crystalline Bi and large disorientation angle (LDA) 
samples. A weak increase of the monotonic Sii(B) in SDA bicrystals and completely saturated 
thermomagnetic power in LDA specimens were detected, indicating a varying contribution of 
thermally excited carriers and a different degrees of interface disorder. It was also revealed 
that the maximum of temperature dependences of Sii(B) quantum oscillation amplitude in 
SDA bicrystals is shifted ~ 1 K at low temperatures, compared to Bi single crystals. Two new 
quantum oscillation harmonics we have found in quantizing magnetic fields, characterizing 
different densities of electronic states and different levels of disorder both in LDA and in SDA 
interfaces. It should be assumed that the obtained results are important for future applications 
in thermoelectricity and spintronic devices.
Key words: bicrystals, crystallite interfaces, bismuth, superconductivity 
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Title: Features of correlation of electronic properties with 
an atomic scale characterization in the Bi bicrystal interfaces

Abstract
We present the results of study of the quantum transport, magnetic and superconducting 
properties of Bi bicrystals at low temperatures and high magnetic fields up 40T to highlight 
the electronic properties correlations with an atomic scale characterization in the inclination 
and twisting crystallite interfaces. The A7 crystal structure of Bi differs only slightly from the 
cubic and may be obtained under two separate distortions: an internal displacement of the 
two interpenetrating fcc lattices along a (111) diagonal and a trigonal shear angle associated 
with an extension along the same diagonal. In [1] the effect of both the trigonal shear angle 
and internal displacement on electronic structure is studied. It is shown that the internal 
displacement changes the Bi electronic structure from a metal to a semimetal. An increase 
of trigonal shear angle leads to a semimetal-semiconductor transition in Bi. All this is in 
qualitative agreement with a Jones-Peierls-type transition. It is necessary to note, that under 
a Peierls distortion of the lattice, the band displacement an energy scale occurs and essential 
changes in the Fermi structure surface take place. None of these features were revealed in 
Bi bicrystals with twisting superconducting crystallite interfaces. This clearly follows from the 
results of [2], where the quantum oscillations of Hall resistance and magnetoresistance of Bi 
twisting bicrystals with the superconducting interfaces were studied in detail and a similar 
Fermi surface consisting at CIs of SDA and LDA bicrystals and bulk Bi was found. The changes 
in the atomic arrangement taking place at interfaces affect the electronic structure so that the 
Fermi surface for electrons is less anisotropic and much larger in volume than in bulk single 
crystals. Considerable changes in the topology (changes of the shape, elongation and volume) 
of the hole isoenergetic surface at interfaces were also revealed. Moreover, the topological 
changes in anisotropy of the angular dependences of the frequencies of quantum oscillations 
for bicrystals with different disorientation angles provide a possibility of determining the 
degree of deformation of the crystalline lattice at the interface region.
Key words: bicrystals, crystallite interfaces, bismuth and bismuth-antimony alloys, 
superconductivity and weak magnetism
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Title: Features of display the quantum dimensional effects 
in cylindrical semimetal bismuth antimony nanowires 

Abstract
We have developed the method of preparation of the single- crystalline semimetallic bismuth 
antimony nano- and microwires in glass cover with diameter from 50 nm to 1000 nm, and 
orientation along the wire axis [1011], using the Ulitovsky- Taylor method [1].
From Shubnikov- de Haas effect (SdH) have been establish that the overlap L and T bands in 
Bi0.98Sb0.02 wires is in two time less, then in pure Bi.
The “quantum size effect”, which manifests in self when the carrier wave length  is comparable 
with diameter of sample, was observed in Bi0.98Sb0.02 wires at critical diameter of more then fife 
time greater then on wires pure Bi.
The variation of intrinsic properties estimated using SdH oscillations indicates then the 
subband energy shift due to quantum size effect.
At the semimetal- semiconductor transition we observed a new effects- negative magne to-
resistance in transverse magnetic field (H^I) and the effect of changing the sign of the thermo-
power from (-) to (+) with decreasing wires thickness d. 
It is found that thermoelectric efficiency ZT=a2s/cT can be significant enhanced, if the T point 
holes are removed or suppressed. The effect of the T- point holes on the thermoelectric figure 
of merit has been discussed. 
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Title: Bismuth telluride layers for micro- thermoelectric cooling

Abstract
The thermoelectric properties of topological insulator (TI) bismuth- telluride layers n- and p- 
type have been investigated in range 4.2- 300 K and magnetic field up to 10 T.
Single crystal Bi2Te3 layers with thickness of 10-20 mkm were prepared using the mechanical 
exfoliation method by cleaving a thin layer from bulk Bi2Te3 samples. X-Ray diffraction studies 
wowed that the layers were single- crystal with orientation C3 trigonal axis perpendicular the 
plane of the layers.
From temperature dependences Seebeck coefficient S(T) and electrical resistivity r(T) the 
power factor P.f.=S2s(T) have been calculated. The result confirm that the largest Pf observed 
in the temperature region 80-250 K (P.f.= 6*10-5 V/cm*K2).
Using p- and n- type layers as n- and p- lags in thermoelement we received DT= 4° at 300 K on 
cross- section 1*10-4 cm2 . Applying a segmentation method (increasing cross- section only to 
value 5*10-4 cm2) possible to received, DT= 8-10°.
It is known that an increase in the temperature of the micro- sensor by 10° leads to a twofold  
decrease the sensor durability. Our experimental samples the thermoelectric micro- coolers 
with efficient cooling capacity, small areas, short response time and with reproducible 
engineering techniques are in high demand on the telecommunication markets of the future. 
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Title: The dynamic behavior of quantum dots laser under the influence 
of external optical feedback from five external cavities

Abstract
In this paper, the dynamic behavior of quantum dots laser under the influence of a multiple 
optical feedback is described. The laser’s structure consists of an active section and additional 
sections from which the optical feedback is returned consisting of two air gaps sections 
and three phase sections. Such a device is considered to be good for generating the chaotic 
emission. More details about lasers formed from multiple external cavities can be found in 
literature [1], [2]. The dynamic behavior is analyzed in terms of Bloch equation model [3]. The 
synchronization of two unidirectional coupled lasers and evolution in time of the output power 
of the laser is studied numerically. Finally, the optimal parameters of the systems was found 
for chaos generation. 
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Title: Nanoelectronic pressure transducer with a frequency output based 
on a tunnel resonance diode

Abstract
The report shows the possibility of creating a nanoelectronic transducer with a frequency out-
put based on a tunnel resonance diode. The electrical circuit of the nanoelectronic pressure 
transducer consists of a constant voltage source that feeds the tunnel resonance diode and 
a circuit of two bipolar transistors, three resistors, inductance and capacitance. The circuit 
implements a self-oscillator whose frequency depends on the action of pressure. Under the 
action of pressure on the tunnel resonance diode its voltage changes, that leads to a change in 
negative differential resistance in the oscillatory system of the oscillator, which in turn changes 
the output frequency of the oscillator. As shown by experimental studies, the sensitivity of the 
transducer was 0.25–2.25 kHz/kPa. A mathematical analysis of the operation of the circuit is 
carried out, the conditions of the generation mode of output  signal from external values of the 
circuit elements are determined.
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Title: Invariant properties of volt-ampere characteristics of electronic devices

Abstract
The reasonable class of dependences for formal approximation of static nonlinear characte-
ristics of different electronic devices (transistors, traveling wave tubes, superconducting spin 
valve) is proposed. Similarity with regulation and load characteristics of such power electronics 
equipment as quasi-resonance voltage converter and pulse voltage regulator, is used. These 
dependences are simple fractionally linear and fractionally quadratic expressions – that is con-
venient for engineering calculations.
On the other hand, the proposed dependencies are interpreted as projective transformations 
in the sense of projective geometry. Projective transformations retain an invariant; that is a 
cross ratio (double proportion) of four samples of variable regime parameters (currents, resis-
tances, voltage, and so on). An attractive property of the cross ratio is the mutual reduction 
of measurement errors of the actual regime parameters. The last followed by direct recalcu-
lation formulas of regime parameters that have group properties. Changes to actual values 
are entered differently from changes in increments. The findings are of interdisciplinary and 
methodological interest to various areas of electronics.
Key words: Electronic devices, nonlinear characteristics, active two-pole, projective transfor-
mations, cross ratio 
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Title: Магнитные свойства металлооксидных полупроводников SnO2 и ZnO, 
легированных переходными металлами

Abstract
Широкозонные металлооксидные полупроводники  (SnO2, ZnO, TiO2 и др.) синтезируются 
химическими и физическими методами и используются в электронике в виде моно-
кристаллов, тонких пленок и порошков. По физическим свойствам они диамагнитны и 
представляют удобную матрицу для изучения парамагнетизма примесей переходных 
элементов, что широко использовалось для практических и теоретических исследований 
электронного парамагнитного резонанса в твердых телах.
В связи с расширением сфер применения металлооксидов в начале ХХI века (пре обра-
зователи энергии, прозрачная электроника, гибкая электроника и др.) интенсифи циро-
вались исследования их электрофизических свойств, в том числе, попытки получить 
примесный ферромагнетизм с точкой Кюри выше комнатной температуры. В качестве 
примесей используются переходный элементы (Fe, Co, Ni, Mn), добавляемые в метал-
лооксидный порошок, пленку или в монокристалл.
В настоящее время имеются экспериментальные данные о ферромагнетизме железа и 
никеля, добавленных в SnO2 в количестве не более 5% вес с температурой Кюри выше 
комнатной. Другие исследователи обнаружили ферромагнетизм в SnO2 с примесью 
железа в количестве 1% ат и Тс = 850К.  Имеется физическая модель ферромагнетизма 
железа в SnO2, учитывающая взаимодействия иона примеси с кислородом в SnO2 
(F - центром). В матрице ZnO, легированной Fe, Co, и Mn (< 5% ат) также наблюдался 
ферромагнетизм при комнатных или близких к комнатным температурах.
Таким образом, при определенных условиях наблюдается ферромагнетизм переход-
ных элементов в металлооксидных полупроводниках при комнатных температурах. Эти 
результаты указывают на перспективность применения легированных  металлооксидных 
полупроводников в спинтронике.
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Title of the lecture: Thermoelectric properties 
of p-type TTT2I3 organic crystals as a function of temperature

Abstract
Nanostructured organic materials of tetrathiotetracene-iodide (TTT2I3) are very prospective 
p – type thermoelectric material. The internal structure is pronounced quasi-one dimensional, 
with molecular chains spaced at ~1 nm one from other. The charge transport takes place 
mainly along the chains, with rare phonon-assisted jumps between the chains. Earlier, the 
thermoelectric properties of this organic compound were estimated numerically in the frame 
of a detailed physical model, considering the most important internal interactions, as well 
as the weak interchain interactions. It was demonstrated [1] that important results could 
be obtained in TTT2I3 crystals after optimisation of some internal parameters of the crystal. 
However, the mentioned results were obtained for room temperature. For real applications, it 
is very important to investigate the temperature effects of the thermoelectric characteristics 
of TTT2I3 crystals. The obtained results are indicating that the thermoelectric power factor can 
be significantly enhanced for a wide range of crystal temperatures.
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Title: Epitaxial palladium-iron alloys – a promising magnetic material 
for supertronics 

Abstract
Dilute palladium-iron (PdFe) alloys attract considerable interest because of their potential 
application in superconducting spintronics [1]. We studied growth conditions, structural and 
magnetic properties of nanoscale thickness films and heterostructures based on Pd1-xFex alloy 
with iron concentration in the range of x=1−10 at.%.
Molecular beam epitaxy (MBE) technique of the PCR Federal Center of Shared Facilities of KFU 
was used to synthesize either 20-50 nm thick epitaxial Pd1-xFex alloy films, or pure epitaxial 
Pd films for subsequent ion-beam implantation by Fe utilizing ILU-3 ion-beam accelerator 
(KPhTI of RAS). For MgO/VN/Pd1-xFex ultra-thin superconductor-ferromagnet heterostructures 
the epitaxial vanadium nitride layer was synthesized using ultra-high vacuum magnetron 
sputtering technique (MST). The crystallinity and epitaxial growth conditions were verified 
applying in-situ LEED (low-energy electron diffraction) and XRD methods, the static magnetic 
properties were measured by Quantum Design PPMS-9 setup. The special attention was 
paid to Ferromagnetic Resonance (FMR) as an extremely sensitive and accurate technique to 
measure components of magnetic anisotropy of the studied systems. We found conditions for 
managing the magnetic switching properties of Pd1-xFex films. 
In summary, we succeeded in growth and characterization of ultra-thin epitaxial Pd1-xFex films 
with controllable magnetic properties. This work was supported by RSF project No 18-12-
00459. 
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Title: Characterization of gas sensitive nanostructured tellurium films

Abstract
Nanostructured tellurium thin films have been fabricated and both the DC electrical 
conductivity and impedance spectra were investigated in different gaseous media. It is shown 
that the grain dimensionality and properties of the grown Te films are determined by fabrication 
parameters, such as microstructure of the substrate, the growth rate or post-deposition 
treatment. As shown by SEM, AFM and XRD, the rate of deposition most strongly influences 
the microstructure of the films and their gas sensing properties. An increase of the rate results 
in the transformation of the microcrystalline structure of the film to a nanostructured one, or 
even to an amorphous state. It is pointed out that the nanostructured tellurium films exhibit 
sensitivity at room temperature not only to nitrogen dioxide [1] or hydrogen sulfide [2], but 
also to combustible and low - reactive gases such as H2 and CO2. Exposure to toxic gases results 
in the both variation of the DC conductivity and impedance of nanostructured thin Te films. 
Due to impedance change in different directions the reducing gases, such as H2S or  H2  may 
be distinguished from oxidizing NO2 or CO2 ones, hence the effective and selective sensors, 
operating at room temperature can be manufactured using the nanostructured tellurium films. 
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Title of the lecture: Fundamental Limitations and Future of Nanoelectronics

Abstract
Since the second half of the XX century the universal information storm has proliferated all over 
the globe. It requires permanent improvement of the methods for information transmission, 
storage and processing. The increase of the processing speed leads to increase of energy 
consumption (per unit time) and to permanent miniaturization of relevant nanoelectronic 
devices, which in each turn again leads to the increase of energy consumption (per unit 
volume / surface). Various technical tricks like multiplexing and/or parallel computing to some 
extent might relax the mentioned constrains. However, given the fundamental origin of the 
limitations, those problems cannot be bypassed or ignored.
Over several decades the tendency for miniaturization of micro- (or nanoelectronic) components 
has followed the Moore’s law: doubling of the number of elements per chip over each 18 months 
[1].  However, nowadays all authorities, including G. Moore himself, come to conclusion that the 
progress in miniaturization of commercial nanoelectronic circuits comes to saturation. Typically, 
two main reasons are provided. First, is purely technical: the abovementioned dramatic increase 
of energy dissipation per unit volume of a processor. Second problem is of fundamental origin: 
below a certain size limit (rough estimation ~ 10 nm) the electron transport does not follow 
the laws of classic physics, but is rather described by quantum mechanics. The behavior of an 
ultra-small system (e.g. transistor) becomes qualitatively different from behavior of a “classic” 
(macroscopic) device. Some potential solution of the first problem might be the rejection of 
CMOS technology and utilization of superconducting materials in critical elements of the circuit. 
However, contrary to the first problem, the second one does not have a solution in foreseen 
future. All solid conductors – metals, semiconductors or superconductors (the last being already 
by the very nature the macroscopic quantum objects [2]) – below certain scales exhibit various 
quantum size effects. Those quantum size phenomena dramatically alter properties of electric 
conductors: with reduction of electric conductivity and transition to insulating state being a 
typical manifestation. Obviously the mentioned size limitations should be carefully taken into 
account in designing ultra-small nanolectronic devices of the next generation.
However, beside the negative influence, quantum effects can be used for building the 
qualitatively new generation of nanoelectronic devices essentially based on quantum physics: 
e.g. qubits – elements of quantum logic, to be used in quantum information and processing 
systems. Utilization of such quantum devices opens up qualitatively new horizons for such 
disciplines as informatics, telecommunication, metrology and computing. In addition to 
appli cations in such crucial fields as space and defense industry, national security, quantum 
nanoelectronics opens-up new fields of research in basic studies. Quantum nanoelectronics 
cross-fertilize interdisciplinary links between subjects like linguistic and quantum cryptography, 
brain research and quantum informatics. 
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Title of the lecture: Macroscopic quantum effects and 
their application in electronic devices

Abstract
The lecture contains a summary of the principles for a number of macroscopic quantum 
effects in condensed matter. Particular attention is paid to physical phenomena that are 
promising from the point of view of their use in modern electronic devices, signal receiving 
and processing systems. 
The “story” is consistently promoted:
- from the fundamentals of quantum physics of the condensed state of matter, the band theory 
of solids and the general principles for describing Bose and Fermi systems with interaction;
- to the analysis of promising quantum devices (superconducting quantum interferometers, 
quantum bits). In particular, the features of charge transfer through simple heterostructures 
are examined: tunnel contacts; contacts of the superconductor with a normal metal; Josephson 
junctions.
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Title of the lecture: Superconducting supercomputer: 
challenges and solutions

Abstract
In the time when semiconducting MOSFET-based electronics is reaching its limits, there is an 
active search for possible alternative technologies. One of them is superconducting electronics, 
with Josephson junction as a key electronic component. Superconductors offer several major 
advantages for creation of future supercomputers. Perhaps, the most famous is the long-scale 
phase coherence, which enables observation of quantum-mechanical behavior in macroscopic 
objects. This allows fabrication of qubits for quantum computing with conventional micro/
nano-electronic techniques. However, superconducting electronics also have perspectives 
for development of a classical (digital) supercomputer. The operation speed of a transistor 
is limited by the RC-time constant (R- resistance, C-capacitance). For semiconductors it is 
typically in a ns-range, limiting the operation frequency to ~1GHz range. For superconductors 
with R=0 this limitation is lifted and the operation frequency can be increased by more than 
two orders of magnitude to the THz range with a corresponding increment of the operation 
speed. Another serious obstacle in semiconducting VLSIC’s is overheating and removal of 
produced heat. This problem is particularly acute for supercomputers: the semiconducting 
exaflop (1018 floating point operation per second) computer would consume ~100MW power. 
Usage of dissipation-free superconducting electronics may provide a radical solution to this 
problem. Recently USA and China has initiated big research programs aiming at creation of 
such superconducting supercomputers. In this lecture I will overview recent developments 
in research towards creation of a digital superconducting computer. My main focus will be on 
development of scalable random access memory, which remains one of the main unsolved 
problems for such a computer. 
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Title of the lecture: Andreev Reflections and 
Subgap Conductance in S/N and S/F proximity structures

Abstract
In the lecture the proximity effect and the electron transport in duffusive S/N and S/F struc-
tures is discussed, where S is a bulk superconductor, N is a normal metal, and F is a metallic 
ferromagnet. In N/S proximity structures at subgap voltages the transport is governed by the 
Andreev reflection processes. If the N/S transparency is rather low one can observe the zero 
bias anomaly (ZBA) peak in the subgap conductance. In F/S stuctures the proximity effect leads 
to the damped oscillatory behavior of superconducting correlations in the ferromagnet. The 
subgap conductance in S/F proximity structures is discussed in the lecture. The density of 
states (DOS) in a diffusive S/F bilayer is also analyzed.
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Title of the lecture: Quantum geometry of topological Josephson matter

Abstract
Quantization effects due to topological invariants such as Chern numbers have become very 
relevant in many systems, yet, key quantities as the quantum geometric tensor providing 
local information about quantum states remain experimentally difficult to access. Recently, 
it has been shown that multiterminal Josephson junctions constitute an ideal platform to 
synthesize topological systems in a controlled manner. We theoretically study properties of 
Andreev states in topological Josephson matter and demonstrate that the quantum geometric 
tensor of Andreev states can be extracted from the absorption of synthetic linearly or circularly 
polarized microwaves. The integrated absorption provides direct evidence of topological 
quantum properties of the Andreev states. 
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Title of the lecture: Exotic Phases 
at Superconductor-Insulator Transition

Abstract
The superconductor–insulator transition (SIT) in two dimensions is a widely investigated 
paradigmatic quantum phase transition. Its nature remains controversial since many expe-
riments exhibit a metallic regime with saturating low-temperature resistance, which is at 
odds with conventional theory, while other experiments reveal mysterious superinsulating 
state having infinite resistance at finite temperatures. We construct a gauge theory of the SIT 
unraveling that superinsulators is a condensed matter realization of confined quark matter 
with Cooper pairs playing the role of quarks. We find that the strange metal appearing in the 
SIT is an integer bosonic topological insulator where bulk transport is suppressed by Aharonov-
Bohm interactions between out-of-condensate Cooper pairs and vortices and conductivity is 
mediated by the symmetry-protected gapless edge modes. We explore the magnetic-field-
driven superconductor-insulator transition in a niobium titanium nitride (NbTiN) device and 
find marked signatures of a bosonic topological insulator behavior of the intervening regime 
with the saturating resistance. The observed superconductor-anomalous metal and insulator-
anomalous metal dual phase transitions exhibit quantum Berezinskii-Kosterlitz-Thouless 
criticality in accord with the gauge theory.
Mapping Cooper pair-vortex ensembles onto quantum chromodynamics established theo-
retically and experimentally, enables a desktop access to the most fundamental revelations 
in high energy physics that remained most desirable yet unachievable even by Large Hadron 
Collider at CERN. On applied side, our study open routes to novel devices for quantum com-
putation and quantum information sciences with functionalities not achievable in conventional 
materials.
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Title of the lecture: Ferroelectrics at the nanoscale

Abstract
During the past decade, a conception of extended topological states in condensed matter 
inherited the traditional description of material functionalities in terms of the local order 
parameter and symmetry break. Thus, for example, it has been realized that topological 
structures, arising in ferroelectrics may significantly contribute to their physical properties. 
Even the simplest topological formation, domain walls, bring new functional complexity and 
open a new avenue in the operating of ferroelectric devices at the nanoscale.  Here we show 
that the ferroelectric nanodot capacitor hosts a stable two-domain state realizing the static 
reversible negative capacitance [1-3] thus opening routes for the extensive use in domain wall-
based nanoelectronics of low-power computing circuits. Next, we generalize our consideration 
onto spherical nanoparticles and show that the topologically stable knotting of the polarization 
field lines, hopfion, results in the wealth of novel functionalities such as optical activity and 
super-capacitance of composite nanomaterial [4].  We demonstrate that the advanced 
3D topological excitations, characterized by the nontrivial linking numbers arise inside the 
nanoparticle, imitating the “Topology of the Universe”.
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Title of lecture: Superconducting spin valves 
and odd-frequency superconductivity

Abstract
I will discuss theoretical description of diffusive superconductor/ferromagnet (SF) spin 
valves, in which the critical temperature of the system is controlled by relative orientation of 
magnetizations of ferromagnetic layers. The problem can be analytically reduced to a simple 
set of equations which can then be solved with the help of efficient numerical methods [1]. 
In the case of noncollinear orientations of F layers, long-range spin-triplet odd-frequency 
components are generated in the system. The presence of these components can lead to the 
triplet spin valve effect in SFF trilayers [2]. In the case of collinear orientations, interference 
effect can make the critical temperature for parallel configuration larger than for the 
antiparallel one; this unusual effect is called inverse switching [2].
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Title of the lecture: Triplet pairing in Superconductor/
Ferromagnet hybrids

Abstract
 
In this Lecture, I will present an overview over recent developments on superconductivity with 
Cooper pairs that exhibit a non-zero total spin. Superconducting order with nonzero spin can 
be realized in unconventional, spin-triplet, superconductors. Alternatively, it can be induced 
from conventional superconducting pair condensates when brought in contact with a ferro-
magnetic material in a proximity structure. With the beginning of the new millennium, a series 
of pivotal predictions and experimental discoveries relating 
to the interplay between superconductivity and magnetism in 
heterostructures have been made [1]. Non-collinear magne-
tism leads to odd-frequency triplet pairing, with equal-spin 
Cooper pairs as carriers for non-dissipative spin transport. 
Geometric Berry phases appear in structures with non-copla-
nar magnetization profile, enhancing functionality [2]. Spin-
orbit locking in non-centrosymmetric materials may lead to 
topological superconductivity [3], in which Majorana fermions 
may appear, and Andreev surface states acquire topological 
stability. 
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Title of lecture: Modeling of formation processes 
of multilayer nanostructures for spintronics 

Abstract
The formation of multilayer nanosystems for spintronics is a complex technological process 
during which it is necessary to obtain a complex composition from various materials. The 
selection of technological parameters providing a  necessary atomic or molecular structure of 
the individual layers of the nanosystem requires quite lengthy and expensive experiments. It 
should also be noted that along with the physical parameters of the nanosystem, it is necessary 
to ensure its stability in time and operational reliability. Given the above, it is possible to note 
the prospects of mathematical modeling to accelerate research and a detailed understanding 
of these problems.
The report is devoted to the study of formation processes of multilayer nanostructures for 
spintronics. The study was carried out by the method of mathematical modeling. The behavior 
of the multilayer nanosystem was described by the method of molecular dynamics. A modified 
immersed atom method was used as a potential. To maintain a constant temperature in the 
nanosystem, a Nose – Hoover thermostat was used. Demonstrated theoretical approaches 
to the study of the processes of formation and deformation of such type  nanosystems. The 
simulation allowed us to establish the basic laws of changes in the atomic structure of the 
different layers of nanosystems.
The results of theoretical studies processes of formation of multilayer nanostructures for 
spintronics  can be used in the development of technological in industry.
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Title of the lecture: Superconducting spin-valves

Abstract
A heterostructure comprising several ferromagnetic (F) and superconducting (S) layers 
acquires functionality of guiding the superconducting properties of a system applying exter-
nal magnetic fields. It is superconducting spin-valve effect. In the talk, several designs of the 
superconducting spin-valves are considered, the existing experimental data for the weak and 
strong ferromagnetic materials are analyzed; the role of the domain structure of the ferro-
magnet and the scattering of electrons with spin flip on the S-F interfaces on the magnitude 
of the valve effect is described. The effect of the triplet pairing components on the critical 
temperature of S-F heterostructures is analyzed. The theoretical as well as experimental works 
in the field are reviewed.
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